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ABSTRACT 
 
Matthew Ondisco: ORGANOMETLLIC CHEMISTRY OF SELECTED THIRD ROW 
METAL COMPLEXES 
(Under the direction of Professor Joseph L. Templeton) 
 
 A series of neutral platinum(IV) carboxamido complexes of the type 
Tp′PtMe2(C=O)NHR have been prepared via nucleophilic attack by a series of amide ions at 
the carbonyl carbon of Tp′Me(CO) and subsequent addition of methyl iodide.  Deprotonation 
of the carboxamido nitrogen atom, and subsequent acidification results in the formation of 
Tp′Me2H by eliminating free isocyanate along the reaction pathway.  Likewise, addition of 
methyl iodide upon deprotonation generates the corresponding Tp′PtMe3 complex.  This 
reaction sequence has shown promise as a recyclable route to synthesizing isocyanates from 
amines, as the Tp′Me2H product is a precursor for the Tp′Me(CO) starting material.  
Although a preliminary mechanism has been proposed, further studies on the mechanism of 
isocyanate elimination may provide additional insight into the analogous elimination of 
carbon dioxide in the water gas shift reaction.   
Several square-planar platinum(II) aminotroponimate (ATI) complexes have been 
synthesized.   The Pt(II) complex (N-tolyl-ATI)Pt(CH3)(η2-C2H4) was synthesized via 
addition of ethylene to a mixture of [Li]+[N-tolyl-ATI]-  and (Me)(Cl)Pt(SMe2)2 in THF, 
while (N-tolyl-ATI)Pt(Cl)(η2-C2H4) was synthesized from the reaction of [Pt2(η2-C2H4)2(µ-
Cl)2Cl2] with  [Li]+[N-tolyl-ATI]- in THF.  Oxidative addition of MeOTf to (N-tolyl-
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ATI)Pt(CH3)(n2-C2H4), and subsequent elimination of ethane presumably resulted in an 
equilibrium mixture of (N-tolyl-ATI)Pt(η2-C2H4)(OTf) and its cationic aqua analogue, [(N-
tolyl-ATI)Pt(n2-C2H4)(OH2)][OTf].  Likewise, halide abstraction from (N-tolyl-
ATI)Pt(Cl)(η2-C2H4) with AgOTf resulted in the same equilibrium mixture. 
The reaction of the neutral ATI ligand with Me4Pt2(µ-SMe2)2 in a solvent mixture 
containing n-pentane resulted in C-H activation of the solvent, followed by β-hydride 
elimination to form a mixture of the dehydrogenation product (N-tolyl-ATI)Pt(H)(1-pentene) 
and (N-tolyl-ATI)PtMe(SMe2) byproduct. Attempts at exchanging the 1-pentene adduct with 
ethylene were unfruitful.  Additionally, the complex (cod)PtMe2 was capable of metallating 
the neutral ATI ligand, generating the downstream products , (N-tolyl-ATI)PtMe(CH3CN) 
and (N-tolyl-ATI)PtMe(py), with solvent incorporated into the coordination sphere.  
However, no C-H activation was observed utilizing alkane solvents.   
The complexes W(acac)2(CO)(CNR)2[R = tBu; 2,6-dimethylphenyl] were synthesized 
successfully from W(CO)(acac)2(η2-N≡CPh) via displacement of the η2-nitrile adduct with 
two equivalents of isocyanide. Attempts to induce C-C coupling or cross-coupling in the bis-
isocyanide complexes utilizing various reducing agents, ranging from Zn(s) to sodium 
benzophenone, were unsuccessful.  Different Lewis acids, including TMS reagents, were also 
employed in an effort to drive the reactions by taking advantage of the stability of Si-O or Si-
N bonds in the proposed products.  None of these conditions were found to initiate formation 
of an acetylene adduct, instead resulting only in decomposition of the acac ligands. 
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 2 
Introduction 
 Due to the rapid diminution of our fossil fuel reserves and the steep rise in global 
energy consumption, development of renewable and sustainable energy sources is 
imperative.1-7 Hydrogen is considered an attractive alternative to carbon-based fossil fuels.1 
However an efficient method for production of hydrogen gas from renewable resources must 
be discovered if a hydrogen fuel economy is to be made possible.  Accordingly, extensive 
research has been focused on hydrogen production from a variety of sources, ranging from 
biomass to water.1,8-13 
 The water-gas shift reaction (WGSR), in which water and carbon monoxide are 
converted to hydrogen and carbon dioxide (equation 1), has shown considerable promise in 
hydrogen production.14-16 The reaction is widely employed in industry for CO removal, as 
well to enrich the hydrogen content in synthesis gas.1 While thermodynamically favorable at 
standard temperature and pressure, high temperatures and pressures are required to facilitate 
rapid conversion to products.17,18  Therefore, the water-gas shift reaction is typically 
performed at high temperatures over iron oxide or copper-oxide catalysts.  Heterogeneous 
platinum catalysts have also been used to catalyze this reaction, but batch catalysis is often 
difficult for large systems when a heterogeneous catalyst is used.14,15,19-21 
 
 The primary focus of this research project is to develop homogenous catalysts that 
would allow for the WGSR to be run effectively under mild conditions.  King and Ford 
initially reported the homogeneous catalysis of the WGSR using M(CO)6 complexes (M = 
Cr, Mo, W) under thermal conditions.22,23 This switch to homogenous conditions allowed for 
the reaction to be run at 100°C, a significant decrease from the temperatures required for 
H2O  +  CO H2  +  CO2 (1)
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heterogeneous catalysis.  Over the past three decades, numerous soluble transition metal 
carbonyl complexes have shown activity for thermal WGSR catalysis.14,18,24-27 However, 
none of these catalytic systems have been employed in industry, as feasibility questions 
remain. 
 As is true for any reaction, a fundamental understanding of the mechanism and its 
component steps provides guidelines for the development of improved catalysts.  While the 
exact mechanism of the water-gas shift reaction is still under debate, a general pathway has 
been established (Scheme I.1).1 The reaction sequence is typically initiated by the thermal 
expulsion of a ligand, opening a coordination site to which carbon monoxide can bind, 
forming a metal carbonyl complex.  The metal carbonyl complex is then susceptible to 
nucleophilic attack by hydroxide or water, generating an anionic complex from which carbon 
dioxide is eliminated.28 The resulting metal hydride species is proposed to abstract a proton 
from H2O and form a dihydrogen complex.  Reductive elimination of dihydrogen completes 
the catalytic cycle by regenerating the active catalyst.29,30 
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Scheme I.1:  General mechanism of the water-gas shift reaction 
 
 Our current efforts are focused upon gaining further insight into the bottom half of the 
proposed WGSR mechanism, in particular, the binding of CO to the metal center and 
elimination of carbon dioxide.   Since there is not a good NMR probe on the anionic 
intermediate, it is difficult to observe, and thus the details leading to elimination of carbon 
dioxide are rather ambiguous.1 As this anionic intermediate is formed via nucleophilic attack 
at the CO ligand, we propose using amide (NHR-) ions as nucleophiles to synthesize metal 
bound ligands of the type (C=O)NHR, which will be referred to as carboxamido ligands.   
These carboxamido complexes can be viewed as precursors to isocyanates (just as the 
metal carboxylic acid species can be a precursor for carbon dioxide), as they present the 
possibility of eliminating free isocyanates from the metal center upon deprotonation (Scheme 
I.2).52  Isocyanates are valuable as monomers in the synthesis of polyureas, as well as in 
pesticide synthesis.31,32 Therefore, metal catalyzed reactions that can convert relatively 
inexpensive amines and carbon monoxide into valuable isocyanates with high functional 
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group tolerance would be desirable.  Additionally, the carboxamido ligands offer the 
advantage of having a substituent on the nitrogen, which might serve as an effective 1H NMR 
probe. Consequently, it may be possible to develop a detailed understanding of the 
isocyanate elimination mechanism.  Such an understanding may allow us to draw analogies 
to the elimination of CO2 in the water gas shift reaction.  
 
Scheme I.2:  Proposed pathway for the synthesis of carboxamido complexes and elimination 
of isocyanates 
 
 
 
The complex Tp′PtMe(CO) [Tp′ = hydridotris(3,5-dimethylpyrazolyl)borate] was 
previously synthesized and characterized in this laboratory.33 Reinartz et al. demonstrated 
that this complex could be converted into Tp′Pt((C=O)Me)(Me)(H) via addition of methyl 
lithium followed by acidification (Scheme I.3), providing evidence that the Tp′PtMe(CO) 
complex is susceptible to nucleophilic attack at the carbonyl carbon.34 
 
Scheme I.3:  Reported synthesis of Tp′Pt((C=O)Me)(Me)(H) via nucleophilic attack at CO 
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It has also been reported that refluxing Tp′PtMe(CO)  in a mixture of acetone and 
water, in the presence of base, resulted in the formation of Tp′PtMeH2,35,36 which could then 
be converted to Tp′PtH3 via the same “MeH  CO  H2” reaction sequence (Scheme 
I.4).37,38 The reaction was presumed to go through nucleophilic attack by hydroxide on the 
carbonyl carbon, followed by reductive CO2 elimination and protonation of the metal by 
water.  Thus, these reports suggested that the Tp′PtMe(CO) system was capable of 
performing the bottom half of the water gas shift reaction.36 
 
Scheme I.4:  Reported synthesis of Tp′PtMeH2 and Tp′PtMeH3 via water gas shift reaction 
chemistry 
 
 
 
 
 
This work details our efforts to synthesize Tp′Pt carboxamido derivatives via 
nucleophilic attack of amide ions at the carbonyl carbon of Tp′PtMe(CO).  We envision that 
these carboxamido complexes may then promote elimination of free isocyanates from the Pt 
coordination sphere.  Detailed mechanistic studies on this elimination process may provide 
additional insight into the analogous elimination of carbon dioxide in the water gas shift 
reaction. 
 
Results and Discussion 
  Synthesis and Characterization of Carboxamido Complexes.  The successful 
synthesis and characterization of Tp′PtMeCO (2) from Tp′PtMe2H (1) via an acid-assisted 
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reductive elimination pathway (Scheme I.5) was reported in 2000.33 Following the initial 
protonation of the apical nitrogen, methane is reductively eliminated, opening a coordination 
site to which CO can bind.  The resulting cationic complex adopts a square planar geometry 
and has a single C-O stretch at 2099 cm-1 in its IR spectrum.  Upon deprotonation of the 
apical nitrogen, two B-H stretches (2521, 2478cm-1) and two C-O stretches (2081, 2065 cm-1) 
are observed in the IR spectrum.  This unique pattern indicates that the complex is in 
equilibrium between a κ3 trigonal bipyramidal (νB-H = 2521 cm-1, νC-O = 2065 cm-1) and a κ2 
square planar geometry (νB-H = 2478 cm-1, νC-O = 2081 cm-1).39 However, room temperature 
1H NMR data is representative of an averaged Cs symmetric species, suggesting 
interconversion of the two isomers is rapid on the NMR time scale.  In further agreement 
with this equilibrium mixture of two isomers is the 11B NMR resonance at -7.38 ppm, which 
represents an average of the chemical shifts for four-coordinate square planar and five-
coordinate trigonal bipyramidal structures.33  
 
Scheme I.5:  Synthesis of Tp′PtMeCO and equilibrium between κ2 square planar and κ3 
trigonal bipyramidal geometries 
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 The previously reported formation of Tp′Pt((C=O)Me)(Me)(H) via addition of methyl 
lithium to the carbon monoxide ligand of 2 sparked our interest into the use of different 
nucleophiles for attack at the CO ligand.34 In particular, the use of amide ions as the 
nucleophile, to form (C=O)NHR ligands, was of interest due to the industrial utility of 
isocyanates, which may be formed upon elimination of the carboxamido ligand.  Our efforts 
were thus focused on developing a protocol for the synthesis of an array of substituted 
carboxamido complexes. 
 A series of amines were deprotonated by addition of lithium diisopropyl amine 
(LDA) to a THF solution of the amine at -78°C, resulting in the formation of the 
corresponding amide ion.  The solution of the amide was cannula transferred to a solution of 
Tp′PtMe(CO) in THF at -78°C, resulting in nucleophilic attack of the amide at the carbonyl 
carbon.  Addition of iodomethane resulted in the formation of the Pt(IV) carboxamido 
complex 3 (Scheme I.6).   Impurities were removed on an alumina column with a 1:1 mixture 
of methylene chloride and hexanes, and the product was eluted with 1:3 THF:CH2Cl2.   
 
Scheme I.6:  Synthesis of Carboxamido Complexes (3a-f) 
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 Room temperature 1H NMR of each carboxamido complex shows that two of the 
arms of the Tp′ ligand are equivalent, indicating a Cs symmetric species (Figure I.1).  In the 
1H NMR spectrum of the ethyl derivative (3a), a broad triplet is seen at 5.15 ppm, 
corresponding to the N-H proton of the carboxamido functionality.  The platinum methyl 
groups appear as a singlet at 1.48 ppm with platinum satellites (2JPt-H = 72 Hz).  An IR 
spectrum of 3a displays a C=O stretching frequency at 1637 cm-1, which is consistent with 
donation from the nitrogen lone pair to the CO group. 
 
Figure I.1:  1H NMR (300 MHz, CD2Cl2) of Tp′ methine (downfield) and Tp′ methyl 
(upfield) signals of ethyl carboxamido complex Tp′Pt((C=O)NHCH2CH3)(CH3)2 (3a).  The 
2:1 ratio in each region demonstrates the Cs symmetry of the complex. 
 
 
 The N-H proton of the tert-butyl carboxamido complex, 3b, resonates in the 1H NMR 
at 4.93 ppm as a singlet, as does the tBu signal at 1.27 ppm.  Again, the platinum methyl 
signal appears as a singlet at 1.41 ppm with 2JPt-H of 71 Hz.  A C=O stretch is visible in the 
IR spectrum at 1645 cm-1.  The proton on the nitrogen of the phenyl carboxamido complex, 
3c, was unobservable at room temperature.  However, low temperature 1H NMR at 225 K 
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displayed a broad signal at 4.57 ppm, presumably corresponding to the N-H proton.  The 
platinum methyl signal for 3c is consistent with the other carboxamido derivatives, appearing 
at 1.52 ppm with 2JPt-H of 72 Hz.  The C=O stretching frequency appears at 1653 cm-1, also 
consistent with the other carboxamido complexes.  For the benzyl derivative (3d), the N-H 
proton appears as a broad triplet at 5.51 ppm, demonstrating coupling to the methylene group 
of the benzyl moiety.  The Pt-Me signal is observed as a singlet at 1.52 ppm with 2JPt-H of 72 
Hz., and the C=O stretching frequency of the benzyl derivative appears at 1630 cm-1.   
The 13C NMR spectra of the carboxamido complexes appear to demonstrate differing 
orientations of the carboxamido ligand.  The signal for the carbonyl carbon of the ethyl 
carboxamido derivative, 3a, resonates at 152 ppm with JPt-C of 1080 Hz.  The platinum 
methyl carbon for this complex appears at -6.50 ppm with JPt-C of 682 Hz. The carbonyl 
carbon in the 13C NMR of the phenyl carboxamido complex, 3c, is difficult to detect.  
Although a signal is visible at 152 ppm, no satellites are observable, making it impossible to 
definitively assign this peak to the carbonyl carbon. The platinum methyl signal was very 
broad at room temperature; however, a spectrum taken at 225 K clearly shows a sole Pt-Me 
signal at -5.92 ppm, with JPt-C of 675 Hz, consistent with the ethyl derivative.  In the benzyl 
derivative, 3d, the carbonyl carbon appears at 152 ppm with JPt-C of 1169 Hz, while the 
platinum methyl signal is visible at room temperature at -2.98 ppm with JPt-C of 679 Hz.  
When analyzing the more sterically encumbered tert-butyl derivative, 3b, via 13C 
NMR at room temperature, the Pt-Me signal was unobservable.  Upon cooling to 225 K, 13C 
NMR revealed the presence of two platinum methyl signals: one at -10.5 ppm (JPt-C = 678 
Hz), and one at -6.0 ppm (JPt-C = 695 Hz).  Two signals were also observed at 154.9 and 
152.8 ppm, presumably corresponding to two different carbonyl resonances.  Likewise, each 
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of the Tp′ and tert-butyl carbon atoms displayed two sets of resonances.  These results seem 
to be suggestive of two different isomers, corresponding to different orientations of the 
carboxamido ligand.   The existence of these isomers may be a consequence of the steric bulk 
of the tert-butyl group causing a high barrier to rotation within the carboxamido ligand. 
In an effort to provide some clarity on the orientations of the carboxamido ligands, 
attempts were made to grow crystals of each carboxamido complex (3a-d). Slow diffusion of 
hexanes into a methylene chloride solution of 3d at 0°C resulted in crystals suitable for X-ray 
diffraction (Figure I.2).  The platinum-methyl bond lengths are 2.071(7) Å and 2.081 (7) Å, 
consistent with reported values (2.0485 Å) for platinum-methyl bond lengths in both 
Tp′PtMe2H40 and TpPtMe2OH.41 The platinum-nitrogen bond lengths are 2.165(6) Å and 
2.155(5) Å for the equivalent pryazolyl rings, while the Pt-N bond length to the unique 
pyrazolyl ring is 2.183(6) Å.  The unique ring is trans to the carboxamido ligand, while the 
two equivalent rings are trans to the methyl groups, enabling a comparison of the trans 
influence of the two ligand types.  The stronger trans-influencing carboxamido ligand results 
in an increase in the Pt-N bond length by ~0.023 Å.  The bond angle between the platinum-
bound methyl groups is 89.1(3)°, consistent with the octahedral environment of a d6 Pt(IV) 
metal center.40   
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Figure I.2:  ORTEP diagram of Tp′Pt[(C=O)N(H)CH2Ph]Me2, 3d.  Thermal elipsoids are 
drawn with 50% probability.  Hydrogen atoms have been omitted for clarity.  See Table I.1 
for crystal data and structure refinement.  Selected bond lengths and angles: Pt1-C1 = 
2.071(7) Å; Pt1-C2 = 2.081(7) Å; Pt1-C3 = 2.024(8) Å; Pt1-N14 = 2.155(5) Å; Pt1-N21 = 
2.183(6) Å; C2-N28 = 2.183(6) Å; C1-Pt1-C2 = 89.1(3)°; C3-Pt1-C1 = 88.1(3)°; C3-Pt1-C2 
= 87.9°; C3-Pt1-N14 = 92.2(3)°; C1-Pt1-N14 = 91.6(3)°; C3-Pt1-N28 = 94.6(3)°; C2-Pt1-
N28 = 92.0(3)°; C1-Pt1-N21 = 91.8(3)°; C2-Pt1-N21 = 92.8(3)°. 
 
 
The carboxamido ligand in 3d is positioned between the two equatorial pyrazolyl 
rings, with a platinum-carbon-nitrogen bond angle of 114.8(5)°.  Looking across the carbon-
nitrogen bond in the carboxamido ligand (C3-N5), the N-H proton of the ligand is situated cis 
to the platinum center, while the benzyl group is positioned cis to the carbonyl group.  The 
platinum-carbon bond length for the carboxamido ligand is 2.024(8) Å, consistent with the 
reported length of 1.979(6) Å in PdCl[CON(CH2)4CH2](dipy),42 thus indicating simple σ-
bond character.  Also consistent with other reported carboxamido ligands are the C=O bond 
length (1.213(9) Å) and carbon-nitrogen bond length (1.365(10) Å).43-45,52 
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Attempts to grow crystals of the other carboxamido complexes were unsuccessful, 
thus making it impossible to comment on the exact orientation of the carboxamido ligands.  
Drawing from the crystal structure of 3d, we speculate that the sterically encumbered tert-
butyl group in 3b may prohibit rotation about either the carbonyl-nitrogen bond or the 
nitrogen-R bond, due to its position between the pyrazolyl rings. The high barrier to rotation 
may result in the existence of isomers in which the tert-butyl groups are oriented differently.  
This explanation would account for the apparent presence of two isomers in the 13C NMR of 
3b at low temperature.    
Elimination of Isocyanates from Carboxamido Complexes.  As eluded to 
previously, the carboxamido complex, 3, can be viewed as a precursor for the synthesis of 
free isocyanates.  Three possible scenarios were envisioned for the elimination of a free 
isocyanate from the metal center.  The first scenario employs the use of the powerful Lewis 
acid B(C6F5)3 to abstract a methyl anion from the platinum carboxamido complex (Scheme 
I.7).  Several examples in which an anionic methyl ligand was successfully abstracted by 
B(C6F5)3 have been reported for related systems.46-49 If a methyl ligand can be removed, 
subsequent β-hydride migration of the N-H proton to the platinum center could facilitate 
elimination of free isocyanate.   
From the resulting cationic intermediate, several options are available.  Although 
unlikely, addition of a methyl anion, presumably from the Me-B(C6F5)3 species, may result in 
the formation of Tp′PtMe2H (1).  Another possibility is that a base could be utilized to 
deprotonate the metal center.  If performed in the presence of free carbon monoxide gas, 
reformation of Tp′PtMe(CO) (2) may be possible.  As the cationic intermediate is a Pt(IV) 
species, it is also highly possible that methane elimination may ensue, leading to the eventual 
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decomposition of the system.  Attempts to probe this reactivity were unsuccessful, as the 
initial methyl abstraction step could not be achieved with the carboxamido complexes. 
 
Scheme I.7:  Proposed elimination of free isocyanate from carboxamido complex 3 initiated by      
methyl abstraction 
 
 
 
The second scenario proposed for isocyanate elimination involves initial 
deprotonation of the N-H proton with a weak base (Scheme I.8a).  The deprotonation step 
may promote isocyanate elimination by pushing electrons back to the metal center.  If a weak 
enough base is employed, the metal center could be protonated in the final step by the 
conjugate acid to form Tp′PtMe2H and regenerate the base.  Accordingly, a series of weak 
bases, ranging from pyridine to triethylamine, were stirred with the carboxamido complexes 
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under various conditions.  However, no deprotonation was observed, as IR and 1H NMR 
spectra showed only the presence of starting materials. 
 
Scheme I.8:  Proposed elimination of free isocyanate from carboxamido complex 3 initiated 
by deprotonation with a base 
 
 
 
 
The third method of isocyanate elimination also involves deprotonation of the N-H 
proton, however it utilizes a strong base.  As the metal center is not likely to be protonated by 
the conjugate acid of a strong base, an electrophile must be added following elimination of 
the isocyanate in order to complete the sequence (Scheme I.8b).  In an effort to probe this 
reaction, LDA was added to a solution of 3 in THF at -78°C to deprotonate the nitrogen.  
Once the reaction had stirred for ten minutes at room temperature, the solution was acidified 
with HBF4•Et2O at -78°C and again allowed to stir for ten minutes at room temperature 
(Scheme I.9).  The solvent was removed in vacuo and 1H NMR of the residual solid revealed 
the presence of a platinum-hydride signal at -20.9 ppm with JPt-H coupling of 1359 Hz, as 
well as a platinum methyl signal at 1.20 ppm with 2JPt-H coupling of 67 Hz. Comparison of 
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the 1H NMR data to literature values40 confirmed that Tp′PtMe2H (1) had been successfully 
formed. 
 
Scheme I.9:  Elimination of free isocyanate and formation of Tp′PtMe2H (1) from complexes 
3a-d 
 
 
 
 
 The formation of 1 via deprotonation and acidification of 3 seemed to be consistent 
with the pathway proposed in Scheme 8b.  In order to confirm that the proton added to the 
metal center in the final step actually came from the acid and not from adventitious water, the 
use of a different electrophile was explored.  The deprotonation step was repeated and methyl 
iodide was added at -78°C.  After stirring for ten minutes, the solvent was removed.  
Chromatography on alumina with 1:3 THF:CH2Cl2 resulted in the isolation of a small 
amount of Tp′PtMe3 (4).  The 1H NMR of 4 clearly suggests the presence of a C3v symmetric 
Tp′ species (Figure I.3).  Also indicative of formation of 4 is the appearance of a platinum-
methyl signal at 1.30 ppm with 2JPt-H coupling of 70 Hz, which is in agreement with 
previously reported values.50 
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Figure I.3:  1H NMR (300 MHz, CD2Cl2) of Tp′ methine (downfield), Tp′ methyl, and Pt-
Me (upfield) signals of Tp′PtMe3 (4) resulting from elimination of free isocyanate from 3.  
The 1:3:3 ratio of the Tp′ methine to the two Tp′ methyl signals is indicative of C3v 
symmetry. 
 
These results demonstrated that it is the added electrophile that binds to the metal 
center following deprotonation, ruling out the possibility of adventitious water playing a role.  
In fact, the presence of any water within the reaction vessel was found to prohibit the 
reaction from occurring.  Important to note is the fact that the electrophilic addition did not 
take place at the nitrogen atom of the carboxamido ligand to form a tertiary nitrogen center, 
but rather at the metal center.  This seems to suggest that the elimination of the isocyanate 
occurs upon deprotonation and is independent of the incoming electrophile. 
 Once we had shown that it was possible to eliminate isocyanates from the 
carboxamido complexes, our efforts shifted to studying the mechanism by which this process 
occurs.   In situ 1H NMR studies were performed in order to gain insight into the intermediate 
 18 
stages of the reaction.  Upon addition of LDA to 3a in THF-d8, a shift of the platinum-methyl 
signal from 1.48 ppm (2JPt-H = 72 Hz) to 0.23 ppm (2JPt-H = 85 Hz) is observed, suggesting a 
change from the Pt(IV) starting material to a Pt(II) intermediate.  This upfield shift is 
consistent with increased electron density at the metal center, as is the increased geminal 
platinum-hydrogen coupling value.  Additionally, deprotonation was confirmed by the 
disappearance of the N-H proton.  Peaks corresponding to the ethyl group are still present, 
but it could not be confirmed whether or not they correspond to free isocyanate or to a 
platinum-bound species.  This intermediate was not isolated due to its sensitivity to air and 
moisture.   
Upon addition of acid to the Pt(II) intermediate, the platinum-methyl signal shifted to 
1.20 ppm (2JPt-H = 67 Hz), corresponding to the formation of Tp′PtMe2H (1). The methyl and 
methylene protons of ethyl isocyanate are expected to appear as a triplet at 1.27 ppm and a 
quartet at 3.32 ppm, respectively.  Unfortunately, these shifts and multiplicities are 
coincident with those seen for diethyl ether, which is present in the added HBF4 solution.  
Thus the presence of free ethyl isocyanate was not confirmed. 
When in situ 1H NMR studies were performed on the same reaction utilizing methyl 
iodide as the electrophile, similar results were obtained.  The presence of a Pt(II) 
intermediate was again evident upon deprotonation of the nitrogen.  Addition of methyl 
iodide resulted in a shift of the platinum-methyl signal to 1.30 ppm (2JPt-H = 70 Hz), 
indicating the formation of Tp′PtMe3 (4).  These results confirmed that the formation of the 
Pt(II) intermediate occurs upon deprotonation and is independent of the incoming 
electrophile.  
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Similar results were obtained when the deprotonation and subsequent eliminations 
from the other carboxamido derivatives, 3b-d, were studied via in situ NMR.  In all cases, a 
Pt(II) intermediate was observed upon deprotonation of the carboxamido nitrogen.  
Subsequent addition of an electrophile (H+/Me+) leads to the formation of either 1 or 4, 
presumably by eliminating free isocyanate. Despite the successful isolation and 
characterization of the desired platinum-containing products, no 1H or 13C NMR evidence for 
free isocyanates was obtained.  
Consequently, attempts were made to separate the free isocyanate species from the 
platinum complexes and any other byproducts.   To this end, vacuum transfers, utilizing J. 
Young NMR tubes, were performed on the products of the deprotonation/elimination 
reactions of 3a and 3b (utilizing both H+/Me+ electrophiles).  Our hope was that relatively 
low boiling points of ethyl and tert-butyl isocyanate (60°C and 85°C, respectively) would 
allow for their isolation upon vacuum transfer, enabling their observation via NMR.  
However, 1H and 13C NMR spectra of the transferred samples did not contain any signals 
corresponding to isocyanates.  Following the same concept, micro-distillations of the 
isocyanate products were also attempted, but to no avail.  Additionally, vacuum distillations 
were performed on the reaction products from 3c and 3d, in an effort to isolate the higher 
boiling benzyl- and phenyl isocyanates.  Again, no isocyanate products were observed 
spectroscopically. 
Gas chromatography was also employed to try to characterize the proposed 
isocyanates, as its detection limits are higher than for NMR techniques.  Standard elution 
times were documented for stock solutions of commercial ethyl isocyanate in THF.  After 
performing either a vacuum transfer or micro-distillation to separate the ethyl isocyanate 
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product eliminated from 3a, these samples were injected for GC analysis.  While traces of 
isocyanate may have been present, none of the peaks in the chromatograms could definitively 
be identified as ethyl isocyanate. 
Continuing our efforts to characterize the isocyanates thought to be produced during 
these reactions, in situ IR studies were carried out.  It was expected that the C-O stretch of 
the carboxamido ligand would be shifted upon deprotonation, and isocyanate formation could 
be determined by the presence of C-O shifts corresponding to known values for the free 
isocyanates.  Such studies would not only confirm the presence of free isocyanate, but would 
also show at what point the isocyanate is eliminated from the metal center in the mechanism.  
Due to the sensitivity of these reactions to moisture, definitive results could not be obtained 
from IR studies.  While some spectra seemed to indicate the presence of isocyanate stretches 
appearing at ~2300 cm-1, it was not apparent that the stretches were real, and the results were 
not consistently reproducible.   
We later discovered that diisopropylamine, formed upon protonation of LDA, reacts 
with ethyl isocyanate to form a 1,1-diisopropyl-3-ethylurea adduct (Scheme I.10). If ethyl 
isocyanate is actually being eliminated from 3a, it could subsequently react with 
diisopropylamine that is formed during the deprotonation step to form the urea adduct.  The 
boiling point of this adduct is nearly 293°C.  Therefore, if this adduct is actually being 
formed, attempts to isolate free isocyanate via a vacuum transfer or distillation would be 
inconsequential.   
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Scheme I.10:  Formation of 1,1-diisopropyl-3-ethylurea via nucleophilic attack of 
diisopropylamine on ethyl isocyanate 
 
 
 
When the deprotonation/elimination reaction of 3a was repeated, 1H and 13C NMR 
spectra of the crude reaction mixture were taken in order to monitor for adduct formation.  
The 13C NMR spectra of the reaction mixtures lacked any carbonyl signals around 157 ppm, 
as was seen in that of the urea adduct.   Likewise, 1H NMR spectra failed to show any of the 
corresponding adduct signals.  Due to its high boiling point, the urea adduct, if formed, 
would be inseparable from the platinum products, thus making GC analysis impossible.  
While it is still possible that our inability to observe free isocyanate is a result of the 
formation of this adduct, we cannot offer definitive evidence of its existence.   
In hopes of avoiding potential adduct formation altogether, attempts were made to 
carry out the deprotonation step of the reaction using a non-nucleophilic base.  When reacted 
with commercial ethyl isocyanate, neither proton sponge nor N,N-diisoproplyethylamine 
were found to form a urea adduct.  However, when reacted with the carboxamido complex 
3a, neither of these bases led to deprotonation of the nitrogen. 
Due to our inability to isolate or characterize any isocyanate products or urea adducts 
from the deprotonation/elimination reactions, a new strategy was proposed that would 
provide insight into the mechanistic pathway.   We sought to synthesize 13C labeled 
carboxamido complexes, as tracking of the label via 13C NMR would provide an indication 
of isocyanate formation.  The complex Tp′PtMe(13CO) (5) was synthesized under an 
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atmosphere of 13CO(g) in the same manner as its non-labeled counterpart. The successful 
formation of 5 was confirmed by the presence of an intense 13C signal at 165 ppm, 
corresponding to the labeled carbonyl resonance.  Utilizing the same conditions employed for 
the synthesis of the non-labeled carboxamido derivatives, efforts were made to synthesize the 
13C labeled ethyl carboxamido complex.  Despite previous success in reproducing this 
synthesis, the reaction was determined to be unsuccessful, as 13C NMR revealed that the label 
was lost in the reaction.  Thus, no mechanistic studies could be performed using the label.   
Although we were unable to definitively identify the presence of free isocyanate upon 
deprotonation of carboxamido complex 3 and subsequent addition of an electrophile, a 
preliminary mechanism has been proposed (Scheme I.11).  We propose that the reaction is 
initiated by deprotonation of the nitrogen atom by LDA, resulting in the formation of a 
Pt(IV) species which immediately eliminates isocyanate to form a reactive anionic Pt(II) 
intermediate.  While a Pt(IV) species was not observed upon deprotonation, the conversion to 
a Pt(II) intermediate is consistent with in situ NMR studies that show an upfield shift in the 
platinum-methyl signal along with increased platinum-hydrogen coupling. Due to the anionic 
nature of the proposed Pt(II) intermediate, it is of no surprise that it was relatively unstable 
and could not be isolated.  Addition of the electrophile to the metal center of the Pt(II) 
intermediate in the final step results in the formation of either Tp′PtMe2H (1) or Tp′PtMe3 
(4).  The observation that the electrophile does not add to the nitrogen to form a di-
substituted carboxamido complex seems to be consistent with elimination of free isocyanate 
prior to electrophilic addition. 
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Scheme I.11:  Proposed mechanism for the elimination of isocyanate from carboxamido 
complexes 3 
 
 
 
 
Acidification and Methylation of Carboxamido Complexes.  In addition to the 
mechanistic studies regarding elimination of isocyanate from the carboxamido complexes, 
we also explored their reactivity towards addition of acid or a methyl electrophile prior to 
deprotonation.  Addition of one equivalent of HBF4•Et2O to a solution of 3a in methylene 
chloride at -78°C results in the appearance of a new platinum-methyl signal at 1.68 ppm (2JPt-
H = of 76 Hz) in the 1H NMR upon warming to room temperature.  When this solution was 
allowed to stir for an hour at room temperature, the signal at 1.68 ppm disappeared, and was 
replaced by a new platinum-methyl signal at 2.11 ppm (2JPt-H = 59 Hz).  Monitoring the 
reaction via 1H NMR over five minute intervals seems to reveal that the initial signal at 1.68 
ppm disappears over time and is slowly replaced by the signal at 2.11 ppm.  
Similar results were observed upon addition of acid to complex 3d. However when 
the phenyl derivative 3c was exposed to the same conditions, the final reaction mixture was 
found to contain two products containing platinum-methyl signals. Thus, disappearance of 
the initial platinum-methyl signal at 1.89 ppm (2JPt-H = 65 Hz) was not observed, indicating 
that the conversion to the product at 2.15 ppm (2JPt-H = 59 Hz) is significantly slower with the 
phenyl substituent.  1H NMR analysis of the acidification reaction with complex 3b was 
inconclusive. 
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 While we do not entirely understand the meaning of these results, the 1H NMR data 
seems to suggest that one product is formed immediately upon addition of acid, and 
undergoes slow conversion to a more stable derivative.  Therefore, we propose that addition 
of a proton occurs initially at the carboxamido oxygen atom to form 6, as it should be 
kinetically favored over protonation of the neighboring nitrogen atom (Scheme I.12).  An 
internal proton transfer (IPT) from the oxygen atom of 6 to the carboxamido nitrogen atom 
may then occur, resulting in conversion to the more thermodynamically stable isomer (7).  
While it seems unlikely that the internal proton transfer would result in such a drastic shift in 
the platinum-methyl signal, other speculated pathways appeared to be less probable.   
 
Scheme I.12:  Proposed pathway for protonation of carboxamido complexes 3 
 
 
 In order to probe the reactivity of carboxamido complexes with methyl electrophiles, 
a methylene chloride solution of 3a was heated at 35°C for three hours with one equivalent 
of methyl triflate.  This reaction resulted in the formation of a clean methylated product, as 
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evidenced by the appearance of a singlet at 3.08 ppm in the 1H NMR.  This signal 
presumably corresponds to the methoxy group of the O-methylated complex, 8a (Scheme 
I.13a).  Providing additional evidence for the formation of 8a is the appearance of a broad 
signal integrating to one proton at 8.92 ppm, likely representing the N-H proton, as well as a 
new platinum-methyl signal at 1.78 ppm (2JPt-H = 65 Hz).  Due to the lack of any additional 
spectroscopic evidence at this point, we cannot rule out the possibility that this reaction 
resulted instead in the formation of the N-methylated product.  Although less likely, it is 
possible that methylation at the nitrogen atom, followed by internal proton transfer could 
result in the formation of 9a (Scheme I.13b). 
 
Scheme I.13:  Proposed pathways for O- and N-methylation of carboxamido complexes 3 
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Similarly, when the benzyl derivative 3d was exposed to the same methylation 
conditions, a “methoxy” signal was observed at 2.99 ppm in the 1H NMR spectrum.  Once 
again, signals were observed at 9.61 ppm and 1.78 ppm (2JPt-H = 65 Hz), corresponding to the 
N-H and platinum-methyl signals of 8d respectively.  To our surprise, when complexes 3b 
and 3c were exposed to the same conditions, multiple products were detected via 1H NMR.  
The methylation reaction with the tert-butyl derivative (3b) resulted in the appearance of two 
distinct platinum-methyl signals, as well as two sets of signals corresponding to the Tp′ 
ligand.  The 1H NMR spectrum of the reaction mixture with the phenyl derivative (3c) 
displayed only one platinum-methyl signal, but contained several signals between 3 and 4 
ppm, suggesting the existence of multiple methylated products.  Attempts at separating 
individual products from either of these mixtures were unsuccessful, and further 
characterization was not possible. 
 Although the identity of the products from the methylation reactions with complexes 
3b and 3c remain unknown, it was hypothesized that the difference in reactivity was due to 
the steric bulk of the R groups.  Consequently, we sought to synthesize carboxamido 
complexes with different substituents and test their reactivity towards methylation.  
Following the same procedure used for the synthesis of the other carboxamido complexes, 
the n-propyl (3e) and isopropyl (3f) derivatives were prepared successfully.  The N-H proton 
appears as a broad triplet at 5.50 ppm in the 1H NMR spectrum of 3e, and as a broad doublet 
in that of 3f, while the platinum-methyl signals appear at 1.46 ppm (2JPt-H = 71 Hz) for both 
complexes.  Methylation of each of these complexes resulted in the formation of a single 
methylation product, as seen with 3a and 3d, despite the fact that the isopropyl group of 3f is 
bulkier than the alkyl groups of 3a and 3e.  However, relative to the tert-butyl and phenyl 
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groups, the isopropyl group is not as sterically hindered.  Thus it remains possible that the 
difference in reactivity is primarily due to the steric bulk of the R group on the carboxamido 
ligand.   
 
Summary and Conclusions 
 We have successfully developed a protocol for the synthesis of Pt(IV) carboxamido 
complexes.  Deprotonation of a series of amines results in the formation of amide ions which 
are capable of nucleophilic attack at the carbonyl carbon of Tp′PtMe(CO).  Subsequent 
addition of methyl iodide generates the desired Tp′PtMe2(C=O)NHR complexes. The 13C 
NMR spectra of these complexes appear to demonstrate different orientations of the 
carboxamido ligand.  Thus, obtaining crystal structures of each complex will be necessary in 
order to determine the exact orientation of each ligand. 
Deprotonation of the carboxamido nitrogen atom, and subsequent acidification results 
in the formation of Tp′PtMe2H, presumably eliminating free isocyanate along the reaction 
pathway.  Likewise, addition of iodomethane upon deprotonation generates the complex 
Tp′PtMe3.  Preliminary mechanistic studies have revealed that a Pt(II) intermediate is formed 
upon the initial deprotonation, independent of the incoming electrophile, which was found to 
add at the platinum center, rather than at the nitrogen of the ligand.  Thus, we propose that 
upon deprotonation, free isocyanate is eliminated from the coordination sphere forming an 
anionic Pt(II) intermediate.  Addition of H+/Me+ to the metal center completes the reaction 
sequence.  Due to the fact that Tp′PtMe2H is a precursor for Tp′PtMe(CO), this reaction can 
be viewed as a recyclable route to synthesizing small isocyanates from relatively inexpensive 
amines. 
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Additional studies need to be performed in order to confirm the proposed mechanism. 
Observation of the free isocyanate has proven difficult, but is necessary to establish the 
validity of the elimination pathway.  If the isocyanate is indeed forming a urea adduct upon 
reaction with diisopropylamine, characterization of the adduct would also provide support for 
the mechanism.  Further studies of this mechanism will also be beneficial in developing a 
more complete understanding of the metal catalyzed water gas shift reaction.  The anionic 
intermediate on the path to carbon dioxide elimination in the WGSR is formed in an 
analogous fashion to the formation of the carboxamido complexes by nucleophilic attack of 
an amide ion.  Thus, a better understanding of the elimination of isocyanate from the Pt(IV) 
center in the carboxamido complexes may lead to similar revelations about CO2 elimination 
in the WGSR.   
In addition to studying the elimination of isocyanate from the carboxamido 
complexes, we also explored their reactivity towards acidfication or methylation prior to 
deprotonation.  Although unclear, our results seem to suggest that addition of a proton occurs 
initially at the carboxamido oxygen atom.  An internal proton transfer to the carboxamido 
nitrogen atom is then proposed to generate the more thermodynamically favorable isomer.  
Addition of a methyl electrophile to the carboxamido complexes was also rather ambiguous.  
Reactions of the less bulky derivatives presumably resulted in methylation at the oxygen of 
the carboxamido ligand, although N-methylation cannot be ruled out at this time.  On the 
other hand, methylations performed with the more sterically hindered carboxamido 
derivatives resulted in the formation of multiple products that were unable to be identified.  
Thus, it appears that the steric bulk of the R group has a significant impact on the reactivity 
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towards electrophilic addition; however, concrete evidence in support of this claim has yet to 
be obtained. 
 
Experimental Section 
General Information. Reactions were performed under an atmosphere of dry 
nitrogen or argon using standard drybox and Schlenk techniques. Argon and nitrogen were 
purified by passage through columns of BASF R3-11 catalyst and 4 Å molecular sieves. All 
glassware was oven dried or flame dried under vacuum and cooled under a nitrogen 
atmosphere before use. Methylene chloride, pentane, hexane, and diethyl ether were purified 
under an argon atmosphere by passage through a column of activated alumina.51 
Tetrahydrofuran was freshly distilled from sodium/benzophenone ketyl prior to use. 
Methylene chloride-d2 was vacuum transferred from CaH2 and degassed by several freeze-
pump-thaw cycles.  Silica column chromatography was conducted with 230-400 mesh silica 
gel.  Alumina column chromatography was conducted with 80-200 mesh alumina. 
The complexes Tp′PtMe2H (1)40 and Tp′PtMe(CO) (2)33 were synthesized according 
to published procedures.   Carbon monoxide gas was obtained from National 
Welders/Specialty Gases.  All other reagents were used as received from Sigma Aldrich or 
Fisher Scientific.  
1H NMR and 13C NMR spectra were obtained on Bruker AMX 300 MHz, Bruker 
Avance 400 MHz, or Bruker DRX 500 MHz spectrometers. 1H NMR and 13C NMR chemical 
shifts were referenced to residual signals of the deuterated solvents. Infrared spectra were 
recorded on an ASI React IR 1000 FT-IR spectrometer.  Chemical analyses were performed 
by Robertson Microlit Laboratories of Madison, NJ. 
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Synthesis of Tp′Pt((C=O)NHR)(CH3)2 Complexes (3) 
 General Method.  A Schlenk flask containing  50 mg (0.468 mmol, 1.25 equiv) of 
LDA in 10 mL THF was cooled to -78°C, and amine (0.655 mmol, 1.75 equiv) was added 
slowly.  The amide solution was allowed to warm to room temperature and was cannula 
transferred to a Schlenk flask containing 200 mg (0.374 mmol, 1 equiv) of 2 in 10 mL THF 
at -78°C.  After stirring at room temperature for 30 min, 48 µL (0.748 mmol, 2 equiv) of 
methyl iodide was added at -78°C.  The solution was stirred at room temperature for 30 min 
and the solvent was removed in vacuo.  Impurities were removed on an alumina column with 
1:1 Hexanes:CH2Cl2 before the product was eluted with 1:3 THF:CH2Cl2.  Removal of 
solvent resulted in a pale yellow powder. 
Tp′Pt((C=O)NHCH2CH3)(CH3)2 (3a).  Following the procedure in the general 
method above with 0.33 mL (0.655 mmol, 1.75 equiv.) of a 2.0 M THF solution of 
ethylamine yielded 144 mg (0.242 mmol, 64.8%) of pure 3a. 1H NMR (δ, CD2Cl2, 500 MHz, 
298 K): 5.80 (s, 2H, Tp′CH), 5.74 (s, 1H, Tp′CH), 5.15 (t, 1H, NH), 3.23 (m, 2H, 
NCH2CH3), 2.37, 2.19 (s, 6H each, Tp′CH3), 2.33, 2.28 (s, 3H each, Tp′CH3), 1.48 (s, 6H, Pt-
Me, 2JPt-H = 72 Hz), 0.96 (t, 3H, NCH2CH3). 13C NMR (δ, CD2Cl2, 125 MHz, 298 K):  152.5 
(C=O, 1JPt-C = 1080 Hz), 150.2, 149.6, 143.7, 143.3 (Tp′CCH3), 107.8, 107.3 (Tp′CH), 35.4 
(NCH2CH3), 15.0 (NCH2CH3), 13.8, 13.0, 12.8, 12.7 (Tp′CH3), -6.5 (Pt-CH3, 1JPt-C = 682 
Hz). IR(KBr): νN-H = 3453 cm-1,  νB-H = 2557 cm-1, νC=O = 1637 cm-1. Anal Calcd for 
C20H34BN7OPt: C, 40.41; H, 5.77; N, 16.49. Found: C, 40.68; H, 5.64; N, 16.21. 
Tp′Pt((C=O)NHtBu)(CH3)2 (3b).  Following the procedure in the general method 
above with 69 µL (0.655 mmol, 1.75 equiv.) of tert-butylamine yielded 132 mg (0.212 
mmol, 56.8%) of pure 3b. 1H NMR (δ, CD2Cl2, 500 MHz, 298 K): 5.75 (s, 2H, Tp′CH), 5.72 
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(s, 1H, Tp′CH), 4.93 (s, 1H, NH), 2.33 (s, 9H each, Tp′CH3), 2.24 (s, 3H each, Tp′CH3), 2.21 
(s, 6H each, Tp′CH3) 1.41 (s, 6H, Pt-Me, 2JPt-H = 71 Hz), 1.17 (s, 9H, tBu).  13C NMR (δ, 
CD2Cl2, 125 MHz, 225 K) [2 isomers]:  152.8, 150.7 (C=O), 149.4, 149.3, 149.0, 148.7, 
144.3, 144.2, 144.0, 143.5 (Tp′CCH3), 107.4, 107.2, 106.8, 106.7 (Tp′CH), 51.5, 51.3 
(C(CH3)3), 28.1, 28.0 (C(CH3)3), 14.2, 13.3, 12.8, 12.7, 12.6, 12.6, 12.5, 12.4 (Tp′CH3), -6.0  
(Pt-CH3, 1JPt-C = 695 Hz), -10.5  (Pt-CH3, 1JPt-C = 678 Hz). IR(KBr): νN-H = 3437 cm-1,  νB-H = 
2533 cm-1, νC=O = 1645 cm-1.  Anal Calcd for C22H38BN7OPt: C, 42.45; H, 6.15; N, 15.75. 
Found: C, 42.68; H, 6.03; N, 14.27. 
Tp′Pt((C=O)NHPh)(CH3)2 (3c).  Following the procedure in the general method 
above with 60 µL (0.655 mmol, 1.75 equiv.) of aniline yielded 135 mg (0.210 mmol, 55.0%) 
of pure 3c. 1H NMR (δ, CD2Cl2, 500 MHz, 225 K): 7.24 (m, 2H, o-Ph), 7.20 (t, 1H, p-Ph), 
6.99 (s, 2H, m-Ph), 5.84 (s, 2H, Tp′CH), 5.78 (s, 1H, Tp′CH), 4.57 (brs, 1H, NH), 2.38, 2.17 
(s, 6H each, Tp′CH3), 2.34, 2.29 (s, 3H each, Tp′CH3), 1.52 (s, 6H, Pt-Me, 2JPt-H = 72 Hz). 
13C NMR (δ, CD2Cl2, 125 MHz, 225 K):  151.8 (C=O), 150.5, 149.5, 144.7, 144.5 
(Tp′CCH3), 138.7 (ipso-Ph,  3JPt-C = 42 Hz), 128.5, 122.7, 119.1 (Ph), 107.7, 107.1 (Tp′CH), 
13.6, 13.2, 12.9, 12.8 (Tp′CH3), -5.92 (Pt-CH3, 1JPt-C = 675 Hz).  IR(KBr): νN-H = 3422 cm-1,  
νB-H = 2549 cm-1, νC=O = 1653 cm-1. Anal Calcd for C24H34BN7OPt: C, 44.87; H, 5.33; N, 
15.26. Found: C, 44.62; H, 5.20; N, 14.98. 
Tp′Pt((C=O)NHCH2Ph)(CH3)2 (3d).  Following the procedure in the general 
method above with 74 µL (0.655 mmol, 1.75 equiv.) of benzylamine yielded 180 mg (0.274 
mmol, 73.4%) of pure 3d. X-ray quality crystals were formed by slow diffusion of hexanes 
into a methylene chloride solution of 3d at 0°C. 1H NMR (δ, CD2Cl2, 400 MHz, 298 K): 7.25 
(m, 5H, Ph), 5.79 (s, 2H, Tp′CH), 5.76 (s, 1H, Tp′CH), 5.51 (bt, 1H, NH), 4.40 (d, 2H, 
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CH2Ph), 2.37, 2.09 (s, 6H each, Tp′CH3), 2.36, 2.30 (s, 3H each, Tp′CH3), 1.52 (s, 6H, Pt-
Me, 2JPt-H = 72 Hz).  13C NMR (δ, CD2Cl2, 125 MHz, 298 K):  152.2 (C=O, 1JPt-C = 1169 Hz), 
150.3, 149.7, 143.8, 143.3 (Tp′CCH3), 138.6 (ipso-Ph), 129.7, 128.0, 126.9 (Ph), 108.0, 
107.1 (Tp′CH), 52.2 (NCH2Ph, 3JPt-C = 18 Hz), 13.1, 13.0, 12.8, 12.7 (Tp′CH3),   -3.0 (Pt-
CH3, 1JPt-C = 679 Hz).  IR(KBr): νN-H = 3445 cm-1,  νB-H = 2557 cm-1, νC=O = 1630 cm-1. Anal 
Calcd for C25H36BN7OPt: C, 45.74; H, 5.53; N, 14.94. Found: C, 45.48; H, 5.36; N, 14.66. 
Tp′Pt((C=O)NHCH2CH2CH3)(CH3)2 (3e).  Following the procedure in the general 
method above with 54 µL (0.655 mmol, 1.75 equiv.) of propylamine yielded 170 mg (0.279 
mmol, 74.8%) of pure 3e. 1H NMR (δ, CD2Cl2, 400 MHz, 298 K): 5.80 (s, 2H, Tp′CH), 5.74 
(s, 1H, Tp′CH), 5.50 (bt, 1H, NH), 3.19 (m, 2H, NCH2CH2CH3), 2.34, 2.13 (s, 6H each, 
Tp′CH3), 2.32, 2.25 (s, 3H each, Tp′CH3), 1.46 (s, 6H, Pt-Me, 2JPt-H = 72 Hz), 1.37 (m, 2H, 
NCH2CH2CH3), 0.76 (t, 3H, NCH2CH2CH3). 
Tp′Pt((C=O)NHiPr)(CH3)2 (3f).  Following the procedure in the general method 
above with 56 µL (0.655 mmol, 1.75 equiv.) of isopropylamine yielded 171 mg (0.281 
mmol, 75.2%) of pure 3f. 1H NMR (δ, CD2Cl2, 400 MHz, 298 K): 5.81 (s, 2H, Tp′CH), 5.73 
(s, 1H, Tp′CH), 5.23 (d, 1H, NH), 4.19 (m, 1H, NCH(CH3)2), 2.36, 2.16 (s, 6H each, 
Tp′CH3), 2.32, 2.24 (s, 3H each, Tp′CH3), 1.46 (s, 6H, Pt-Me, 2JPt-H = 71 Hz), 0.98 (d, 6H, 
NCH(CH3)2). 
Elimination Reactions 
Tp′PtMe2H (1) From Carboxamido Complexes. A solution of LDA (5 mg, 0.050 
mmol, 1.5 equiv) in 5 mL THF at -78°C was cannula transferred to a flask containing 3 (20 
mg, 0.034 mmol, 1 equiv) in 5 mL THF also at -78°C.   The solution was stirred at room 
temperature for ten minutes.  The solution was cooled to -78°C and acidified with 
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HBF4•Et2O (7 µL, 0.050 mmol, 1.5 equiv).  After stirring at room temperature for ten min, 
the solvent was removed in vacuo, producing 1 in near quantitative yield based on platinum. 
1H NMR (δ, CDCl3, 400 MHz, 298 K): 5.72 (s, 1H, Tp′ CH), 5.71 (s, 2H, Tp′ CH), 2.34, 2.27 
(s, 3H each, Tp′ CH3), 2.29, 2.18 (s, 6H each, Tp′ CH3), 1.20 (s, 6H, Pt-Me, 2JPt-H = 67 Hz), -
20.87 (s, 1H, Pt-H, 1JPt-H = 1359 Hz).  
Tp′PtMe3 (4) From Carboxamido Complexes. A solution of LDA (5 mg, 0.050 
mmol, 1.5 equiv) in 5 mL THF at -78°C was cannula transferred to a flask containing 3 (20 
mg, 0.034 mmol, 1 equiv) in 5 mL THF also at -78°C.   The solution was stirred at room 
temperature for ten minutes.  The solution was cooled to -78°C and methyl iodide (3.3 µL, 
0.050 mmol, 1.5 equiv) was added.  After stirring at room temperature for ten min, the 
solvent was removed in vacuo, producing 4 in near quantitative yield based on platinum. 1H 
NMR (δ, CD2Cl2, 300 MHz, 298 K): 5.81 (s, 3H, Tp′ CH), 2.36, 2.29 (s, 9H each, Tp′ CH3), 
1.30 (s, 6H, Pt-Me, 2JPt-H = 70 Hz). 
Tp′PtMe(13CO) (5).  In a 100-mL Schlenk flask, a solution of Tp′PtMe2H (200 mg, 
0.384 mmol, 1 equiv) in 15 mL CH2Cl2 was combined with HBF4•Et2O (80 µL, 0.500 mmol, 
1.3 equiv) at -78°C.  13CO(g) was bubbled through the solution as it warmed to room 
temperature.  The solution was stirred for 30 min at room temperature, repurging with 
13CO(g) every 5 min.  After 30 min, the pink solution was cooled to -78°C, and 0.5 mL of 
triethylamine was added.  The solution was warmed to room temperature and the solvent was 
removed in vacuo.  The resulting product was purified via chromatography on alumina with a 
mobile phase of 1:3 THF:CH2Cl2 to yield 79 mg (0.148 mmol, 38.6%) of pure 5. 1H NMR (δ, 
CD2Cl2, 400 MHz, 298 K): 5.92 (s, 1H, Tp′ CH), 5.84 (s, 2H, Tp′ CH), 2.37, 2.25, 2.18 (s, 
3H, 9H, 6H, Tp′ CH3), 0.87 (s, 3H, Pt-Me, 2JPt-H = 72 Hz).  13C NMR (δ, CD2Cl2, 125 MHz, 
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298 K):  164.7 (Pt-CO, 1JPt-C = 1955 Hz), 149.2, 149.0, 146.2, 144.9 (Tp′CCH3), 106.4, 106.3 
(Tp′CH), 15.0, 14.1, 13.2, 12,6 (Tp′CH3), -21.5 (Pt-CH3, 1JPt-C = 537 Hz).   
Acidification of Carboxamido Complexes 
 General Method.  A Schlenk flask was charged with 3 (0.034 mmol, 1 equiv) and 
purged with nitrogen. CH2Cl2 (3 mL) was added via syringe and the solution was treated with 
HBF4•Et2O (7 µL, 0.050 mmol, 1.5 equiv) at -78°C.  The solution was allowed to warm to 
room temperature and stirred for one hour before the solvent was removed in vacuo.   
 [Tp′PtMe2((C=O)NH2CH2CH3)][BF4] (7a).  The general method for acidification 
shown above was performed with 20 mg (0.034 mmol, 1 equiv.) of 3a. 1H NMR (δ, CD2Cl2, 
300 MHz, 298 K): 6.08 (s, 1H, Tp′CH), 6.04 (s, 2H, Tp′CH), 3.47 (m, 2H, NCH2CH3), 2.44, 
2.41, 2.35 (s, 18H total, Tp′CH3), 2.11 (s, 6H, Pt-Me, 2JPt-H = 59 Hz), 1.17 (t, 3H, NCH2CH3). 
 [Tp′PtMe2((C=O)NH2tBu)][BF4] (7b).  The general method for acidification shown 
above was performed with 21 mg (0.034 mmol, 1 equiv.) of 3b. 1H NMR (δ, CD2Cl2, 400 
MHz, 298 K): inconclusive. 
 [Tp′PtMe2((C=O)NH2Ph)][BF4] (7c).  The general method for acidification shown 
above was performed with 22 mg (0.034 mmol, 1 equiv.) of 3c. 1H NMR (δ, CD2Cl2, 300 
MHz, 298 K): inconclusive. 
 [Tp′PtMe2((C=O)NH2CH2Ph)][BF4] (7d).  The general method for acidification 
shown above was performed with 22.5 mg (0.034 mmol, 1 equiv.) of 3d. 1H NMR (δ, 
CD2Cl2, 400 MHz, 298 K): 7.50 (m, 2H, Ph), 7.43 (m, 3H, Ph), 6.09 (s, 1H, Tp′CH), 6.05 (s, 
2H, Tp′CH), 5.33 (d, 2H, CH2Ph), 2.44, 2.42, 2.36 (s, 18H total, Tp′CH3), 2.12 (s, 6H, Pt-
Me, 2JPt-H = 59 Hz). 
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Methylation of Carboxamido Complexes 
 General Method.  A Schlenk flask was charged with 3 (0.034 mmol, 1 equiv) and 
purged with nitrogen. CH2Cl2 (3 mL) was added via syringe and the solution was treated with 
methyl triflate (4.6 µL, 0.040 mmol, 1.3 equiv) at -78°C.  The solution was heated at 35°C 
for 3h and the solvent was removed in vacuo producing 8 in near quantitative yield based on 
Tp′. 
 [Tp′PtMe2(C(OCH3)=NHCH2CH3)][OTf] (8a/9a). The general method for 
methylation shown above was performed with 20 mg (0.034 mmol, 1 equiv.) of 3a. 1H NMR 
(δ, CD2Cl2, 400 MHz, 298 K): 8.93 (brs, 1H, NH), 5.93 (s, 2H, Tp′CH), 5.89 (s, 1H, Tp′CH), 
3.64 (m, 2H, NCH2CH3), 3.08 (s, 3H, OCH3), 2.41, 2.07 (s, 6H each, Tp′CH3), 2.37, 2.36 (s, 
3H each, Tp′CH3), 1.78 (s, 6H, Pt-Me, 2JPt-H = 65 Hz), 1.27 (t, 3H, NCH2CH3). 
 [Tp′PtMe2(C(OCH3)=NHtBu)][OTf] (8b/9b). The general method for methylation 
shown above was performed with 21 mg (0.034 mmol, 1 equiv.) of 3b, resulting in the 
formation of two products (8b/9b) and a species tentatively assigned as Tp′PtMe3. [8b/9b]. 
1H NMR (δ, CD2Cl2, 300 MHz, 298 K): 6.83 (brs, 1H, NH), 5.97 (s, 2H, Tp′CH), 5.92 (s, 
1H, Tp′CH), 3.16 (s, 3H, OCH3), 2.42, 2.09 (s, 6H each, Tp′CH3), 2.38, 2.34 (s, 3H each, 
Tp′CH3), 1.69 (s, 6H, Pt-Me, 2JPt-H = 64 Hz), 1.50 (s, 9H, tBu). [Tp′PtMe3]. 1H NMR (δ, 
CD2Cl2, 300 MHz, 298 K):  5.80 (s, 3H, Tp′CH), 2.34, 2.27 (s, 9H, Tp′CH3), 1.27 (s, 9H, Pt-
Me, 2JPt-H = 70 Hz). 
 [Tp′PtMe2(C(OCH3)=NHPh)][OTf] (8c/9c). The general method for methylation 
shown above was performed with 22 mg (0.034 mmol, 1 equiv.) of 3c. 1H NMR (δ, CD2Cl2, 
400 MHz, 298 K): inconclusive (multiple products).   
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 [Tp′PtMe2(C(OCH3)=NHCH2Ph)][OTf] (8d/9d). The general method for 
methylation shown above was performed with 22.5 mg (0.034 mmol, 1 equiv.) of 3d. 1H 
NMR (δ, CD2Cl2, 400 MHz, 298 K):  9.61 (brs, 1H, NH), 7.47 (m, 2H, Ph), 7.33 (m, 3H, Ph), 
5.89 (s, 1H, Tp′CH), 5.85 (s, 2H, Tp′CH), 4.66 (d, 2H, CH2Ph), 2.99 (s, 3H, OCH3), 2.38, 
2.36 (s, 9H each, Tp′CH3), 1.77 (s, 6H, Pt-Me, 2JPt-H = 65 Hz). 
 [Tp′PtMe2(C(OCH3)=NHCH2CH2CH3)][OTf] (8e/9e). The general method for 
methylation shown above was performed with 21 mg (0.034 mmol, 1 equiv.) of 3e. 1H NMR 
(δ, CD2Cl2, 400 MHz, 298 K):  8.84 (brs, 1H, NH), 5.93 (s, 2H, Tp′CH), 5.89 (s, 1H, 
Tp′CH), 3.54 (m, 2H, NCH2CH2CH3), 3.08 (s, 3H, OCH3) 2.41, 2.07 (s, 6H each, Tp′CH3), 
2.37, 2.36 (s, 3H each, Tp′CH3), 1.78 (s, 6H, Pt-Me, 2JPt-H = 65 Hz), 1.36 (m, 2H, 
NCH2CH2CH3), 0.99 (t, 3H, NCH2CH2CH3). 
 [Tp′PtMe2(C(OCH3)=NHiPr)][OTf] (8f/9f). The general method for methylation 
shown above was performed with 21 mg (0.034 mmol, 1 equiv.) of 3f. 1H NMR (δ, CD2Cl2, 
300 MHz, 298 K): 8.06 (brs, 1H, NH), 5.93 (s, 2H, Tp′CH), 5.89 (s, 1H, Tp′CH), 4.40 (m, 
1H, NCH(CH3)2), 3.07 (s, 3H, OCH3), 2.41, 2.07 (s, 6H each, Tp′CH3), 2.37, 2.36 (s, 3H 
each, Tp′CH3), 1.76 (s, 6H, Pt-Me, 2JPt-H = 65 Hz), 1.35 (d, 6H, NCH(CH3)2). 
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Table I.1: Crystal data and structural refinement parameters of carboxamido complex 
Tp′Pt((C=O)NHCH2Ph)(CH3)2 (3d). 
Chemical formula C25H36BN7OPt 
Formula weight 656.51 
Temperature 100(2) K 
Wavelength 1.54178 Å 
Crystal size 0.10 x 0.13 x 0.14 mm 
Crystal habit clear colourless block 
Crystal system triclinic 
Space group P -1 
Unit cell dimensions a = 8.1004(3) Å α = 78.606(2)° 
 b = 9.5201(3) Å β = 77.336(3)° 
 c = 18.1022(7) Å γ = 77.100(2)° 
Volume 1311.34(8) Å3  
Z 2 
Density (calculated) 1.663 Mg/cm3 
Absorption coefficient 10.253 mm-1 
F(000) 652 
Theta range for data collection 4.82 to 66.59° 
Index ranges -9<=h<=9, -11<=k<=11, -20<=l<=21 
Reflections collected 12697 
Independent reflections 4414 [R(int) = 0.0369] 
Coverage of indep. reflections 97.0% 
Max. and min. transmission 0.4331 and 0.3199 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 4414 / 0 / 324 
Goodness-of-fit on F2 1.198 
Final R indices 4161 data; I>2σ(I) R1 = 0.0403, wR2 = 0.1038 
 all data R1 = 0.0430, wR2 = 0.1051 
Weighting scheme w=1/[σ
2(Fo2)+(0.0512P)2+4.8657P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 2.048 and -2.292 eÅ-3 
R.M.S. deviation from mean 0.162 eÅ-3 
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Introduction 
 
 Fundamental organometallic reactions include oxidative addition, reductive 
elimination, β-hydrogen migration, and migratory insertion steps.  Olefins are important 
commodity chemical feedstocks,1-3 and polymerizations, oligomerizations, and dimerizations 
of olefins have been extensively studied.4-10  While most of the initial olefin polymerization 
catalysts were based on early-metal metallocene complexes,11-13 there has been a growing 
interest in exploring late-transition-metal catalysts for such transformations.2-4,14-18  The 
primary motivation for this shift results from the belief that the high oxophilicity of the 
traditional Ziegler-Natta type catalysts complicates and compromises their ability to 
polymerize functionalized monomers.14  In contrast, less electrophilic late-metal centers are 
more compatible with monomers bearing various functional groups.19-20 
 Most of the late-metal polymerization success has been achieved with nickel and 
palladium based catalysts.15-17,19,20 In particular, cationic Ni- and Pd- based catalysts derived 
from bulky aryl-substituted α-diimines were found to effect the rapid polymerizations of 
ethylene and α-olefins to high molar mass materials.21-23 The key to these effective 
polymerizations was shown to be the incorporation of bulky substituents at the ortho- 
positions of the aryl rings, thus blocking the axial coordination sites of the square planar 
complexes and retarding chain transfer.   
However, the cationic Ni and Pd catalysts were still found to be sensitive toward the 
incorporation of polar monomers.  Consequently, significant efforts were made to develop 
less electrophilic, neutral, nickel systems to overcome these limitations.  To this end, second 
generation, neutral Ni catalysts incorporating a bulky ortho-substituted aryl imine 
functionality were designed, based on salicylaldiminato ligands.24-25 These new catalysts 
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were found to be moderately active for ethylene polymerization in the presence of an 
activator.   
More recently, additional reports have shown that catalysts based on both 2-
anilinotropone26 and 2-anilinoperinaphthenone27-28 ligands demonstrated increased activities 
for ethylene polymerizations.  When substituted at the 7-position with bulky aryl 
substituents, these systems have been shown to effectively catalyze ethylene polymerization 
at low temperatures, without the need for an initiator.  On the basis of a report by Keim,29 
which indicated that a decrease in activity is observed with expansion of chelate size in 
SHOP-type catalysts, it is believed that the increased activity is due to the formation of a five 
membered chelate, as opposed to the six membered chelate seen in the salicylaldimine 
catalysts. 
With these principles in mind, aminotroponimates (ATI) would appear to be effective 
ligands for the study of late-transition-metal catalyzed ethylene polymerizations.  
Aminotroponimates are monoanionic bidentate ligands, containing a ten-π electron 
backbone, which are capable of forming five-membered metallacycles when bound to metal 
centers.30-32 Of particular importance in the design of the ATI ligands is the delocalization of 
the π electrons, rendering the ligand backbone relatively unreactive towards most 
nucleophiles and electrophiles.30 Additionally, the ATI ligands are capable of being 
substituted with bulky aryl groups at each nitrogen atom.33 Thus, these ligands appear 
appropriate for ethylene polymerization studies utilizing neutral, square planar metal 
catalysts. 
Understanding key steps in reaction pathways provides guidance for the development 
of future reagents.  Extensive mechanistic and theoretical investigations have been reported 
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for diimine Ni- and Pd-based ethylene polymerization catalysts, providing insight into the 
dynamics of these processes, the nature of the catalytic resting states, and the barriers to 
olefin insertion.17,34-40 However, little information of the same magnitude has been gathered 
about similar Pt-based systems.  Our hypothesis is that platinum will undergo many of the 
same reactions as nickel or palladium, but deeper energy wells and higher barriers along the 
reaction coordinate will allow us to probe species that are too ephemeral to see with the 
lighter metal analogues. 
The first report of catalytic ethylene dimerization by a homogenous Pt(II) complex 
came from Roddick,41 who found that [(C2F5)2PCH2CH2P(C2F5)2]Pt(CH3)(OTf) initiates such 
dimerization.  While a mechanism was established, no intermediate hydride or ethyl ethylene 
complex was observed.  More recently, Masashi et al. reported that cationic Pt(II) aryl-
substituted diimine complexes initiated ethylene dimerization, and key intermediates in the 
process were isolated and characterized.18 
Our goal is to utilize neutral Pt(II) aminotroponimate moieties to further investigate 
mechanistic details by which fundamental reactions occur with platinum reagents containing 
a monoanionic chelating ligand.  Despite numerous reports of bidentate chelating platinum 
α-diimine complexes,42-44 as well as nickel ATI moieties,45-47 no platinum complexes bearing 
ATI ligands have been reported in the literature. Recent work in our group has led to the 
successful synthesis of several platinum coordinated ATI complexes, including (N-tolyl-
ATI)Pt(CH3)(SMe2), (N-tolyl-ATI)Pt(CH3)(η2-C2H4), and (N-tolyl-ATI)Pt(CH3)(CO).48  
This work describes our efforts to convert these platinum ATI derivatives into Pt(II) 
hydrido or Pt(II) ethyl olefins; numerous related examples have been described.18,49-51 If 
these ATI complexes initiate basic reactions along the polymerization pathway, it may be 
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possible to dimerize ethylene and probe species that are unobservable in the lighter metal 
polymerization cycles.  The isolation and characterization of such species would suggest that 
they are not only key intermediates within the platinum based reactions, but that their nickel 
and palladium counterparts may be involved in the more reactive cycles, where they are 
difficult to detect.  
 
Results and Discussion 
 Previous work in this laboratory led to the successful synthesis and characterization 
of (N-tolyl-ATI)Pt(CH3)(η 2-C2H4) (1a) and  (N-tolyl-ATI)Pt(CH3)(CO) (1b) (Scheme 
II.1).48 The defining characteristic of the 1H NMR of 1a is the bound ethylene signal, which 
appears at 2.89 ppm with platinum satellites (2JPt-H = 58 Hz), indicating free rotation of the 
ethylene on the NMR timescale.  The coalescence temperature of the ethylene signals in the 
1H NMR spectrum was found to be 228 K, suggesting a rotational barrier of less than 12 
kcal/mol. 
 
Scheme II.1: The synthesis of (N-tolyl-ATI)Pt(CH3)(L) (1), (L= C2H4 (1a), CO (1b)) 
 
 
 In addition to the ethylene methyl derivative, the ethylene chloride complex (N-tolyl-
ATI)PtCl(η2-C2H4) (2) was also synthesized.  Stirring [Li]+[N-tolyl-ATI]- with Zeise’s dimer, 
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[Pt2(η2-C2H4)2(µ-Cl)2Cl2], in THF for thirty minutes resulted in the formation of 2 in modest 
yield (Scheme II.2).  The 1H NMR spectrum of 2 indicates that the ethylene is no longer 
freely rotating on the NMR timescale.  Instead, the ethylene peaks are frozen out at room 
temperature, as evidenced by the presence of two doublets seen at 3.86 and 3.46 ppm with 
3JH-H coupling of 14.4 and 14.8 Hz, respectively (Figure II.1).  The coalescence temperature 
of the ethylene signal was determined to be 342 K, indicating a rotational barrier of 15.9 
kcal/mol.   
 
Scheme II.2: The synthesis of (N-tolyl-ATI)PtCl(η2-C2H4) (2) 
 
 
Figure II.1: 1H NMR (400 MHz, CD2Cl2) of the ethylene signals of (N-tolyl-ATI)PtCl(η2-
C2H4) (2) at 298 K. 
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Slow diffusion of pentanes into a methylene chloride solution of 2 produced crystals 
suitable for X-ray diffraction (Figure II.2).  The bite angle of the ATI chelate is 79°, 
consistent with both the reported bite angle of 77° for the (N-tolyl-ATI)PtMe(SMe2) 
complex,48 as well as reported bite angles for similar five-membered bidentate nitrogen 
ligands bound to platinum.52,53 The ATI ligand tolyl rings are twisted nearly orthogonal to the 
plane containing the platinum chelate, whereas the flat 10 π electron ATI backbone lies in the 
PtN2Cl(C2H4) square plane.  As expected, the ethylene adduct is oriented perpendicular to the 
plane containing the ATI backbone.  This orientation is in agreement with a report by 
Ruffo,54 which showed that the C-C axis of the ethylene ligand and the aryl rings in 
[ArN=C(Me)-C(Me)C=NAr]Pt(Me)(η2-C2H4) lie nearly perpendicular to the coordination 
square plane. 
 
Figure II.2: ORTEP diagram of (N-tolyl-ATI)PtCl(η2-C2H4) (2).  Thermal ellipsoids are 
drawn with 50% probability.  The hydrogen atoms are removed for clarity. See Table II.1 for 
crystal data and structure refinement.  Selected bond distances (Å) and angles (°):  Pt(1)-
Cl(1) = 2.321(2); Pt(1)-C(1) = 2.133(8); Pt(1)-C(2) = 2.124(8); C(1)-C(2) = 1.384(12); Pt(1)-
N(3) = 1.989(6); Pt(1)-N(18) = 1.990(6); N(3)-Pt(1)-N(18) = 78.9(3). 
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 The Pt-N3 and Pt-N18 bond lengths were found to be 1.989(6) Å and 1.990(6) Å, 
respectively.  These Pt-N bond distances are in the range those reported for other ATI 
platinum complexes48 and related (diimine)Pt(R)(ethylene) complexes.18,54,55  However, we 
expected that the Pt-N3 bond, trans to the ethylene adduct, would be considerably shorter 
than that for Pt-N18, which is opposite the chloride ligand, due to the back-bonding ability of 
ethylene.  While the similarity of the two Pt-N bond lengths was surprising, the Pt-Cl bond 
distance (2.321(2) Å) was nearly 0.2 Å longer than the Pt-C1 (2.133(8) Å) and Pt-C2 
(2.124(8) Å), consistent with ethylene back-bonding.  Also consistent with related structures 
is the C1-C2 bond length (1.384(12) Å) of the ethylene ligand.18 
With the ethylene derivatives in hand, efforts were undertaken to develop neutral 
Pt(II) ethylene hydride or Pt(II) ethylene ethyl complexes, which might lead to further 
insertion reactions and potentially, dimerize ethylene.  Heating a solution of 1a and MeOTf 
in CH2Cl2 overnight presumably results in the formation of the (N-tolyl-ATI)Pt(η2-
C2H4)(OTf) complex (4a) (Scheme II.3).  The 1H NMR of the reaction product clearly 
indicates the disappearance of the initial Pt-Me signal, as well as the formation of new 
ethylene peaks that appear to be frozen out at room temperature.   
Puddephatt et al56,57 demonstrated that addition of MeOTf to Pt(II) dimethyl 
complexes containing bidentate nitrogen ligands results initially in the formation of Pt(IV) 
oxidative addition products, which subsequently eliminate ethane at room temperature.  
Based on low temperature NMR studies on these reactions, they proposed that the Pt(IV) 
complexes are in equilibrium between the neutral triflato species and a cationic aqua 
complex.  Replacement of the triflate as a ligand by adventitious water is a facile process due 
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to the lability of the triflate anion.  Recent work in our group suggests that the oxidative 
addition of MeOTf to (N-tolyl-ATI)Pt(CH3)(SMe2) is consistent with a similar equilibrium.48 
It appears that the six coordinate oxidative addition product (3a) is formed upon 
initial addition of the MeOTf, incorporating the triflate ion in the coordination sphere.  
Although this species was unobservable by 1H NMR at room temperature due to the rapid 
elimination of ethane, it seems plausible that this intermediate may be in equilibrium between 
the neutral triflato complex (3a) and the cationic aqua complex (3b).  Either of these Pt(IV) 
complexes can reductively eliminate ethane, resulting in the formation of the square planar 
Pt(II) ethylene complexes, 4a or [(N-tolyl-ATI)Pt(η2-C2H4)(OH2)][OTf] (4b), which are also 
believed to be in equilibrium.  Consistent with this proposal is the observation of a signal at 
0.85 ppm when the reaction is monitored by NMR in CD2Cl2, presumably resulting from 
ethane elimination.  
 
Scheme II.3: Generation of complexes 4a and 4b and proposed equilibrium 
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Similar results were also observed for the reaction of 2 with AgOTf in diethyl ether 
solvent (Scheme II.4).  Upon stirring the reaction mixture overnight, the initial Pt-Me signal 
disappeared in the 1H NMR, coinciding with the formation of a new ethylene signal and the 
appearance of multiple ligand peaks.  It is believed that complex 4a is formed from the initial 
abstraction of the Cl atom by AgOTf, thus forming a AgCl salt and enabling the triflate ion to 
enter the coordination sphere.  A similar equilibrium, between complex 4a and its cationic 
aqua counterpart 4b, is likely to exist. 
 
Scheme II.4: The reaction of (N-tolyl-ATI)Pt(Cl)(η2-C2H4) (2) with AgOTf 
 
 
Attempts at purification of complexes 4a and 4b were unsuccessful as a result of their 
instability upon exposure to the atmosphere. Consequently, further characterization of 4a and 
4b was not possible.  However, additional reactions were conducted with these complexes, 
formed in situ, in order to probe their potential towards ligand substitution and the formation 
of more useful derivatives (Scheme II.5).  All attempts at displacing the bound triflate/aqua 
ligand with simple nucleophilic alkyl reagents, ranging from methyl lithium to diethyl zinc, 
were unsuccessful, and led only to decomposition of the ligand backbone.  Likewise, 
reactions with hydride and hydroxide nucleophiles resulted either in ligand decomposition or 
a mixture of starting materials. 
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Scheme II.5: Attempted ligand substitution reactions with 4a/4b 
 
  
Without any promising results from the nucleophilic substitution reaction attempts, 
efforts were made to probe the reactivity of the ethylene methyl complex 1a toward 
protonation.  The addition of HBAr′4 to a solution of 1a in CH2Cl2 was expected to protonate 
the metal center and subsequently eliminate methane, resulting in the opening of a 
coordination site, to which the counteranion could potentially bind.  While preliminary 1H 
NMR results suggested that a new Pt-ethylene signal was present, attempts to purify and 
definitively identify the resulting complex were unsuccessful.  All attempts at displacing the 
counteranion with nucleophilic alkyl or hydride reagents were unsuccessful. 
  Due to the inability of complex 1a to undergo conversion into its ethyl derivative, a 
new strategy was conceived for the direct synthesis of the ethyl derivative from the reaction 
of (Et)ClPt(SMe2)2 with the ATI ligand, analogous to that used to make 1a (Scheme II.6).  
However, attempts to synthesize the Et4Pt2(µ-SMe2)2  precursor from the reaction of 
PtCl2(SMe2)2 and four equivalents of ethyl lithium, according to a procedure similar to that 
reported for the synthesis of Me4Pt2(µ-SMe2)2, failed.58 
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Scheme II.6:  Proposed scheme for the direct synthesis of (N-tolyl-ATI)Pt(Et)(η2-C2H4) 
 
 
Focus was then shifted to the generation of olefin hydride complexes via a transfer 
dehydrogenation pathway.  Previous work in this lab showed that Pt(II) complexes 
containing the β-diiminate (NacNac) ligand could be used to facilitate C-H bond activation in 
compounds such as diethyl ether, tetrahydrofuran, and even alkanes.59 Similar to the NacNac 
ligand, the N-tolyl-ATI ligand has an acidic proton available to react with the Me4Pt2(µ-
SMe2)2 dimer. We sought to utilize this reaction to form methane and generate a reactive 
Pt(II) methyl fragment, capable of activating the solvent.   
Reaction of the neutral ATI ligand with Me4Pt2(µ-SMe2)2 in a mixture of CH2Cl2 and 
n-pentane yielded a mixture of (N-tolyl-ATI)Pt(H)(1-pentene) (5) and (N-tolyl-
ATI)PtMe(SMe2).  The presence of (N-tolyl-ATI)PtMe(SMe2) was confirmed by comparison 
of  1H NMR results with a previously reported spectrum.48 The 1H NMR spectrum of 5 in 
CD2Cl2 shows a distinct Pt-H resonance at -20.4 ppm with 1JPt-H coupling of 1271 Hz.  Also 
indicative of the dehydrogenation reaction is the presence of doublets at 3.21 and 2.99 ppm, 
corresponding to the terminal olefin protons of the η2-bound 1-pentene adduct.  These signals 
display both trans and cis coupling, with 3JH-H  of 12.4 Hz and 7.6 Hz, respectively, to the 
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neighboring internal olefin proton, which appears as a multiplet at 3.35 ppm (Figure II.3). 
                
Figure II.3: 1H NMR (400 MHz, CD2Cl2) of olefin (downfield) and Pt-H (downfield) signals 
of (N-tolyl-ATI)Pt(H)(1-pentene) (5) at 298 K. 
 
 
We propose that upon reaction with Me4Pt2(µ-SMe2)2, the ligand is metallated, 
generating an intermediate dimethyl hydride complex.  Methane elimination from this 
species results in the formation of a reactive Pt(II) methyl fragment which facilitates C-H 
activation of the pentane present in solution.  The dehydrogenation product is formed after 
elimination of a second methane molecule and subsequent β-hydride elimination (Scheme 
II.7).  This mechanism is also consistent with formation of the (N-tolyl-ATI)PtMe(SMe2) 
byproduct seen in the 1H NMR spectrum, as free dimethyl sulfide, generated upon 
metallation, could trap the reaction intermediate formed after methane is eliminated from the 
dimethyl hydride complex, thus preventing C-H activation of the solvent. 
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Scheme II.7:  Proposed mechanism for formation of (N-tolyl-ATI)Pt(H)(1-pentene) (5) and 
(N-tolyl-ATI)PtMe(SMe2) byproduct 
 
 
 
 Despite numerous attempts utilizing column chromatography and recrystallizations, 
separation of complex 5 from the dimethyl sulfide byproduct was unsuccessful.  As a result, 
further characterization of the complex was not possible.  An olefin exchange reaction was 
attempted with the reaction mixture, in an effort to displace the 1-pentene by ethylene. No 
exchange occurred, despite the fact that we expected ethylene to bind more tightly to the Pt 
center than pentene. 
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was not observed for either of these solvents, as there was no evidence of either a hydride or 
olefin signal in the 1H NMR spectra. 
 The strong binding affinity of dimethyl sulfide to platinum, coupled with the inability 
to activate higher boiling solvents, led us to believe that a different dimer may be better 
suited for the transfer dehydogenation methodology.  Therefore, efforts were made to 
synthesize a Me4Pt2(µ-SPh2)2 dimer.  It was proposed that the steric bulk of the phenyl 
groups on the sulfides would result in a lower binding affinity to platinum.  However, efforts 
to synthesize the Me4Pt2(µ-SPh2)2 dimer were unsuccessful.  
 Methods of metallating the neutral ATI ligand that did not involve a sulfide-bridged 
dimer were explored briefly.  A previous member of this laboratory reported the successful 
synthesis of a Pt(II) aryl-substituted diimine complex, (Diimine)PtEt2, from (cod)PtEt2, and 
they also demonstrated that this complex was capable of forming an olefin hydride complex 
upon protonation.18  Initial attempts to synthesize (cod)PtEt2, according to a published 
procedure,60 were unsuccessful, and thus the (cod)PtMe2 analog was used in its place. 
Heating a mixture of the neutral ATI ligand and (cod)PtMe2 in acetonitile at 55°C overnight 
resulted in the formation of (N-tolyl-ATI)PtMe(CH3CN) (6a).  Complex 6a is distinguishable 
in the 1H NMR spectrum in CD2Cl2 by the emergence of a new Pt-Me singlet at 0 ppm with 
2JPt-H coupling of 76 Hz, as well as the appearance of a singlet at 1.84 ppm corresponding to 
the bound acetonitrile methyl group.  Also indicative of product formation is the generation 
of free 1,5-cyclooctadiene.   
 Similar results were also observed for the same reaction run in pyridine solvent, 
generating what appears to be the pyridine adduct, (N-tolyl-ATI)PtMe(py) (6b).  The 1H 
NMR of this reaction mixture again displays a new Pt-Me signal, this time appearing at 0.66 
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ppm with 2JPt-H coupling of 82 Hz.  The formation of product 6b is also supported by the 
appearance of three new signals in the aromatic region, likely corresponding to the bound 
pyridine protons.  Again, free COD can be seen in the spectrum. 
 Complexes 6a and 6b are presumably formed by initial metallation of the neutral ATI 
ligand to the Pt center, eliminating free COD, and generating the dimethyl hydride 
intermediate.  This intermediate then eliminates methane, opening a coordination site for the 
solvent to bind (Scheme II.8). This pathway is essentially identical to that proposed for the 
formation of complex 5.  Therefore, it is plausible that running the same reaction in an alkane 
solvent may result in the successful C-H activation of the solvent and subsequent 
dehydrogenation to generate a clean olefin hydride moiety.  However, all attempts to perform 
the reaction in pentane, octane, or ethyl benzene were unsuccessful in generating the 
dehydrogenation product.   
 
Scheme II.8: Synthesis of (N-tolyl-ATI)PtMe(CH3CN) (6a) and (N-tolyl-ATI)PtMe(py) 
(6b) 
 
 
 
Summary and Conclusions 
 Although current efforts to isolate neutral Pt(II) olefin hydride or Pt(II) olefin ethyl 
complexes have been unsuccessful, progress has been achieved in studying the coordination 
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complexes (N-tolyl-ATI)Pt(CH3)(η2-C2H4) (1a) and (N-tolyl-ATI)Pt(Cl)(η2-C2H4) (2) have 
been isolated and characterized.  Addition of MeOTf to 1a, or AgOTf to 2, presumably 
results in the formation of (N-tolyl-ATI)Pt(η2-C2H4)(OTf) (4a), which is thought to be in 
equilibrium with its cationic aqua analogue, [(N-tolyl-ATI)Pt(η2-C2H4)(OH2)][OTf] (4b).  
However, no further derivations of these complexes were achieved.   
The most promising result came from the reaction of the neutral ATI ligand with 
Me4Pt2(µ-SMe2)2, in a solvent mixture containing n-pentane.  C-H activation of the solvent 
was observed, followed by β-hydride elimination, resulting in a mixture of the 
dehydrogenation product (N-tolyl-ATI)Pt(H)(1-pentene) (5) and (N-tolyl-ATI)PtMe(SMe2) 
byproduct.  Unfortunately, these complexes could not be separated from one another and 
attempts at exchanging the 1-pentene adduct with ethylene were unfruitful.   
A final attempt was made to metallate the neutral ligand without the need for a 
sulfide-bridged dimer. It was demonstrated that (cod)PtMe2 was capable of metallating the 
ligand, generating the downstream products, (N-tolyl-ATI)PtMe(CH3CN) (6a) and (N-tolyl-
ATI)PtMe(py) (6b), with solvent incorporated into the coordination sphere.  Despite this 
promising result, no C-H activation was observed utilizing alkane solvents, such as pentane, 
octane, or ethyl benzene. 
Moving forward, future efforts must focus on different strategies for the formation of 
Pt(II) aminotroponimate moieties that are capable of performing fundamental reactions along 
the olefin polymerization pathway.  Of particular importance will be to develop a new 
method for the clean formation of an olefin hydride complex, such as 5, or to develop a 
protocol for the successful separation of 5 from the dimethyl sulfide byproduct.  Efforts 
should also be directed toward developing a more effective synthesis for Et4Pt2(µ-SMe2)2 , as 
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it may yet be a useful precursor on the way to a Pt(II) olefin ethyl complex.  If one of these 
complexes can be prepared successfully, the potential of this system for insertion and 
possibly ethylene dimerization may be realized, thus opening the possibility of observing 
reactive intermediates along this pathway for the first time.  Only then will it be possible to 
determine whether these species may be involved in polymerizations catalyzed by lighter-
metal analogues.  
 
Experimental Section 
General Information. Reactions were performed under an atmosphere of dry 
nitrogen or argon using standard drybox and Schlenk techniques. Argon and nitrogen were 
purified by passage through columns of BASF R3-11 catalyst and 4 Å molecular sieves. All 
glassware was oven dried or flame dried under vacuum and cooled under a nitrogen 
atmosphere before use. Methylene chloride, pentane, and diethyl ether were purified under an 
argon atmosphere by passage through a column of activated alumina.61 Tetrahydrofuran was 
freshly distilled from sodium/benzophenone ketyl prior to use. Methylene chloride-d2 was 
vacuum transferred from CaH2 and degassed by several freeze-pump-thaw cycles.  Silica 
column chromatography was conducted with 230-400 mesh silica gel.  Alumina column 
chromatography was conducted with 80-200 mesh alumina. 
The complexes Pt2Me4(µ-SMe2)2,62 Pt(SMe)2MeCl,62 Pt2Cl2(SMe2)2,62 [Pt2(η2-
C2H4)2(µ-Cl)2Cl2], 63 (1,5-COD)PtMe2,64 and the ligand N-Tolyl ATI (N-Tolyl(2-
Tolylamino)troponimine)65,66 were synthesized according to published procedures. The 
complexes (N-tolyl-ATI)Pt(CH3)(η2-C2H4) (1a) and  (N-tolyl-ATI)Pt(CH3)(CO) (1b) were 
synthesized according to procedures previously developed in this laboratory.48 Ethylene was 
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obtained from Matheson Gas Products, Inc. All other reagents were used as received from 
Sigma Aldrich or Fisher Scientific.  
1H NMR and 13C NMR spectra were obtained on Bruker AMX 300 MHz, Bruker 
Avance 400 MHz, or Bruker DRX 500 MHz spectrometers. 1H NMR and 13C NMR chemical 
shifts were referenced to residual signals of the deuterated solvents. Infrared spectra were 
recorded on an ASI ReactIR 1000 instrument. Chemical analyses were performed by 
Robertson Microlit Laboratories of Madison, NJ. 
For simplicity, the 1H and 13C  NMR data for the N-tolyl ATI ligand for complex 2 
have been compiled in Table II.2. 
(N-tolyl-ATI)Pt(Cl)(η2-C2H4) (2).  A Schlenk flask containing 200 mg (0.667 mmol) 
of N-tolyl ATI in THF was cooled to -78°C, and 0.33 mL (0.733 mmol, 1.1 equiv) of 2.2 M 
nBuLi were added slowly.  The solution was stirred at -78°C for 20 min. and then allowed to 
warm to room temperature.  A solution of 249 mg (0.402 mmol, 0.6 equiv) of [Pt2(η2-
C2H4)2(µ-Cl)2Cl2] in THF was cannula transferred to the Schlenk flask containing [Li]+[N-
tolyl-ATI]-.  After 2h, the solvent was removed under vacuum.  The resulting product was 
purified via column chromatography using an alumina column with a mobile phase of 100% 
CH2Cl2 to yield 286 mg (0.512 mmol, 77%) of pure 2.  X-ray quality crystals were formed by 
slow diffusion of pentanes into a methylene chloride solution of 2. 1H NMR (δ, CD2Cl2, 400 
MHz, 298 K): 3.86 (2H, d, Pt-(η2-C2H4), 3JH-H = 14.4 Hz), 3.46 (2H, d, Pt-(η2-C2H4), 3JH-H = 
14.8 Hz). 13C NMR (δ, CD2Cl2, 100 MHz, 298 K): 70.26 (Pt-(η2-C2H4), 1JPt-C = 178 Hz). 
Anal Calcd for C23H23ClN2Pt: C, 49.51; H, 4.15; N, 5.02. Found: C, 49.64; H, 4.35; N, 4.79.   
(N-tolyl-ATI)PtMe(CH3CN) (6a).  A Schlenk flask containing 50 mg (0.138 mmol) 
of (1,5-COD)PtMe2 was purged with nitrogen and CH3CN was syringed into the flask.  A 
 60 
solution of 50 mg (0.166 mmol, 1.2 equiv) of N-tolyl ATI in CH3CN was cannula transferred 
to the Schlenk flask containing (1,5-COD)PtMe2 and the reaction mixture was heated at 55°C 
for 16h.  The solvent was removed under vacuum, resulting in  crude 6a in an undisclosed 
yield. 1H NMR (δ, CD2Cl2, 400 MHz, 298 K): 1.84 (3H, s, Pt-NCCH3); 0 (3H, s, 2JPt-H = 76 
Hz). 
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Table II.1. Crystal data and structure refinement parameters for (N-tolyl-ATI)Pt(Cl)(η2-
C2H4) (2). 
Empirical formula  C23 H23 Cl N2 Pt  
Formula weight  557.97  
Temperature  100(2) K  
Wavelength  0.71073 Å  
Crystal system  Triclinic  
Space group  P-1  
Unit cell dimensions a = 11.4660(4) Å a= 88.882(3)°. 
 b = 12.0787(4) Å b= 84.653(3)°. 
 c = 16.4907(6) Å g = 65.422(2)°. 
Volume 2067.44(12) Å3  
Z 4  
Density (calculated) 1.793 Mg/m3  
Absorption coefficient 6.926 mm-1  
F(000) 1080  
Crystal size 0.25 x 0.10 x 0.01 mm3  
Theta range for data collection 1.85 to 26.37°.  
Index ranges -14<=h<=14, -15<=k<=14, -
20<=l<=20 
 
Reflections collected 13491  
Independent reflections 8445 [R(int) = 0.0701]  
Completeness to theta = 26.37° 99.9 %   
Absorption correction Multi-scan (SADABS)  
Max. and min. transmission 0.9340 and 0.2764  
Refinement method Full-matrix least-squares on F2  
Data / restraints / parameters 8445 / 0 / 491  
Goodness-of-fit on F2 0.844  
Final R indices [I>2sigma(I)] R1 = 0.0416, wR2 = 0.0826  
R indices (all data) R1 = 0.0669, wR2 = 0.0891  
Largest diff. peak and hole 2.195 and -2.056 e.Å-3  
 
 
Table II.2. 1H and 13C NMR Data for N-Tolyl ATI Aromatic and Tolyl Methyl Signals for 
Complex 2   
Complex N-Tolyl-ATI aromatic  (δ, ppm) Tolyl Methyl (δ, 
ppm) 
2 1H: 7.35 (2H, d, JH-H = 8 Hz); 7.30 (2H, d, JH-H = 8 Hz); 7.08 (1H, t, JH-H = 
21 Hz; 6.98 (5H, m); 6.71 (1H, d, JH-H = 11 Hz); 6.62 (1H, t, JH-H = 19 
Hz); 6.54 (1H, d, JH-H = 11 Hz). 
 
 
13C: 167.35; 166.32; 145.80 (JPt-C = 30 Hz); 141.97 (JPt-C = 26 Hz); 137.61 
(JPt-C = 27 Hz); 136.11; 134.17; 133.67; 131.03; 130.21; 127.04; 126.87; 
124.18; 120.06; 118.82.  
 
1H: 2.43 s, 6H. 
 
 
 
 
13C: 21.22. 
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Introduction 
 
 Reactions leading to the formation of new carbon-carbon bonds are of fundamental 
importance in synthetic chemistry.  Of particular interest is the conversion of inexpensive 
feedstock chemicals into valuable functionalized polycarbon compounds.1-3 Due to their 
widespread occurrence, carbonyls and isocyanides are attractive ligands for transition-metal 
catalyzed C-C coupling reactions.  The coupling of two carbon monoxide ligands into C2 
oxygenates is exciting, particularly in light of the rate at which current fuel sources are 
diminishing.  Additionally, new methods for linking CO to other C1 fragments may provide 
an alternative to current Fischer-Tropsch processes, a process that lacks a high degree of 
product selectivity.4-8 
 The first example of C-C bond formation between isocyanide ligands was reported by 
Lippard in 1977.9 He found that refluxing a solution of [Mo(CN-tBu)6I]I in THF overnight in 
the presence of Zn and acid resulted in the reductive coupling of two isocyanide ligands, 
providing a bis(alkylamino)acetylene ligand (Scheme III.1a).  This strategy proved to be 
relatively general, as reductive coupling of isocyanides on seven-coordinate Mo(II) and 
W(II) metal centers is now well documented.10-13 Each of these reactions involves seven-
coordinate d4 transition-metal reagents containing two C1 ligands cis to one another.  In each 
case, the reductively coupling results from the net addition of two electrons and two 
equivalents of Lewis acid (H+) to yield a coordinated acetylene ligand.14 
Over the past twenty years, this methodology has been extended to the coupling of 
two carbonyl ligands,15-17 as well as to the cross coupling of CO and isocyanide ligands.18,19  
Complexes of niobium and tantalum, [M(CO)2(dmpe)2Cl] (M = Nb or Ta), were found to 
reductively couple adjacent carbonyl ligands to form bis(trimethylsiloxy)acetylene ligands in 
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the presence of sodium amalgam (Scheme III.1b).6,16,17 It is important to note that use of the 
Me3SiCl as the Lewis acid was needed in order to help stabilize the product by formation of 
strong Si-O bonds.  Cross coupling of CO and CNR ligands was achieved when 
[Nb(CNMe)(CO)(dmpe)2Cl] was subjected to reduction by sodium amalgam in the presence 
of Me3SiCl, resulting in the formation of the unusual asymmetrically substituted acetylene 
ligand {(Me3Si)(Me)NC≡CO(SiMe3)} (Scheme III.1c).18 
 
Scheme III.1:  Reported reductive coupling reactions of isocyanide or carbonyl ligands 
 
 
Since the initial reports of the coupling reactions, extensive mechanistic studies have 
revealed a common mechanism, consisting of a series of discrete, well-defined reactions 
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(Scheme III.2).14,15,19-21 The first step involves the two-electron reduction of the seven 
coordinate d4 complex, with loss of the capping halide ligand, to form an electron-rich d6 
octahedral species.  Due to the delocalization of metal π-electron density onto the unsaturated 
ligands, addition of one equivalent of Lewis acid to this intermediate results in electrophilic 
attack at the heteroatom of the ligand to give a substituted carbyne adduct.  The CO- or CNR- 
coupling step to form the acetylene moiety is then induced upon addition of a second 
equivalent of Lewis acid.  
 
Scheme III.2:  General reaction scheme for reductive coupling of two CO or CNR ligands 
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electron density at the metal center, high coordination number of the metal, and proper 
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the metal center.20,22,23  Such electron deficiency resulted in less back donation onto the 
ligand, thus impeding electrophilic attack to form the carbyne intermediate.  However, 
replacement of two isocyanide ligands with electron-donating phosphine ligands resulted in 
increased delocalization of electron density onto the isocyanide ligands, and consequently 
promoted carbyne formation. 
With one exception,24 every example of CO- and CNR- reductive coupling reactions 
has been achieved with a seven coordinate complex.  Although the role and necessity of the 
7th ligand is still being debated, it is undisputable that a higher coordination number results in 
a more sterically crowded metal center, which may provide two advantages.5 First, with more 
steric crowding, the chance of electrophilic attack at the metal or metal-bound carbon atoms 
of the ligands is decreased, minimizing the possibility of entering alternate diversion 
pathways.  It also appears that the addition of the 7th ligand pushes the two carbon atoms 
being coupled closer together, diminishing the C-M-C bond angle.  Additionally, the non-
bonded C⋅⋅C distance between adjacent ligands is shortened from about 2.8 Å in six 
coordinate complexes to nearly 2.3 Å in seven coordinate complexes, enhancing potential for 
C-C orbital overlap, and thus increasing the coupling ability of these ligands.25 
 Theoretical investigations considering the electronic requirements for the coupling of 
two CO or CNR ligands on a seven coordinate d4 transition-metal center have also been 
reported.26 Studies on the coupling of two carbonyls utilizing the [W(CO)2H5]3- ion revealed 
that the C-C bond formation process is a symmetry-allowed reaction but is slightly uphill 
energetically.  However, the process was found to be promoted by addition of two electrons 
to the d4 complex, and further stabilized by the attachment of two Lewis acids to the ligand 
heteroatom in the terminal stages of coupling.  These results further support the notion that 
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the coupling reaction is most effective in a geometry in which the carbonyls or isocyanides 
have already come partway together.  Considering that such π-acid ligand proximity is 
typical of seven-coordinate complexes,9,27,28 in which C-M-C angles are typically in the 
range of 70°, it is no surprise why the most effective reductive coupling reactions have been 
obtained with seven-coordinate complexes.   
Recent work in this laboratory has described the successful synthesis of 
W(CO)(acac)2(η2-N≡CR) [R = Me, Ph] complexes from the displacement of two carbon 
monoxide ligands in W(CO)3(acac)2 when exposed to a nitrile reagent.29  More importantly, it 
was discovered that this complex could to be converted into the seven coordinate d4 mono-
carbonyl bis-isocyanide complex, W(acac)2(CO)(CN-tBu)2, via displacement of the η2 adduct 
with two equivalents of tert-butyl isocyanide.30  Complete characterization of this complex 
indicated a build up of electron density on the metal center, as the IR frequency of the lone 
CO ligand had decreased nearly 40 cm-1 in comparison to the η2 adduct.  X-ray 
crystallography performed on the bis-isonitrile complex revealed that isocyanide ligands 
were arranged cis to one another with a C-M-C angle of 71.63°.   
Therefore, it would appear that the W(acac)2(CO)(CN-tBu)2 complex meets the 
requirements set forth for reductive coupling of adjacent CO- and CNR- ligands.  Most of the 
initial reports by Lippard involved the use of a capping halide ligand, which was thought to 
be required to mediate electron transfer from the reducing agent to the metal center.5 
However, there has been one previous example of the reductive coupling of two isocyanide 
ligands in [Mo(CNR)5(bpy)]2+, where the halide ligands were replaced by a bidentate 
chelating ligand.13  Thus, the absence of a capping halide in our complex does not appear to 
be problematic.  
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Consequently, our goal was to utilize the neutral W(II), W(acac)2(CO)(CN-tBu)2 
complex in the presence of a reducing agent and two equivalents of Lewis acid to mediate the 
reductive coupling of two isocyanide ligands or the cross coupling of an isocyanide with a 
carbon monoxide ligand.  Precedence for the coordination of an acetylene ligand to the 
W(CO)(acac)2 fragment stems from the successful synthesis of W(CO)(η2-RC≡CR)(acac)2 
complexes from W(CO)3(acac)2 by displacement of two CO ligands with an alkyne.31 If the 
coupling reactions can be performed successfully, facile release of the newly formed C2 
ligand from the metal center with the C-C bond intact may be possible, as Lippard has 
demonstrated the possibility of oxidatively removing an (N,N′-dialkyldiamino)-acetylene 
ligand as an oxamide in the presence of H2O2.10,32 
 
Results and Discussion 
 Previous work in this laboratory by Dr. Andrew Jackson described the preparation of 
W(CO)(acac)2(η2-N≡CR) [R = Me (2a), Ph (2b)]  from W(CO)3(acac)2 (1).29 He also 
demonstrated that the η2-nitrile ligand could be displaced with a strong σ-donor, as was 
evidenced by the formation of W(acac)2(CO)(CN-tBu)2 (3a) upon reaction of  2 with two 
equivalents of tert-butyl isocyanide (Scheme III.3).30 Complex 3a exhibits fluxional behavior 
in the 1H NMR, as is common for many seven-coordinate low-valent group VI complexes.  
Three peaks are observable at room temperature: one for both acac methine protons at 5.50 
ppm, one for all four acac methyl groups at 2.01 ppm, and one for both tert-butyl groups at 
1.48 ppm.  The IR spectrum of complex 3a in CH2Cl2 displays a lone CO stretch at  
1807 cm-1, indicating a significant buildup of electron density on the metal center. 
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Scheme III.3: Synthesis of W(CO)(acac)2(η2-N≡CR) (2a,b) and W(acac)2(CO)(CN-
tBu)2(3a) 
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information, as the integrations of the acac signals were incompatible with the proposed 
structures.  Due to the conflicting spectroscopic results, and the apparent inability to isolate 
the bis-isocyanide derivative from these reaction mixtures, the strategy was abandoned and 
the η2-nitrile pathway was utilized. 
In addition to W(acac)2(CO)(CN-tBu)2 (3a) reported previously,30 another bis-
isocyanide derivative was synthesized according to a similar procedure. Reaction of complex 
2b with two equivalents of 2,6-dimethylphenyl isocyanide in CH2Cl2 for one hour led to the 
formation of W(acac)2(CO)(CN-Ar)2 [Ar = 2,6-dimethylphenyl] (3b) (Scheme III.4).  The IR 
spectrum of complex 3b in CH2Cl2 displays a prominent carbon monoxide stretch at  
1838 cm-1, nearly 30 cm-1 higher than that in the tert-butyl derivative.  Thus it appears that 
more of the electron density is delocalized onto the isocyanide ligand in this case.  As was 
the case with complex 3a, the 1H NMR spectrum of 3b suggests fluxional behavior at room 
temperature, displaying one signal for both acac methane protons at 5.60 ppm and one signal 
for all of the acac methyl protons at 2.08 ppm. The 2,6-methyl groups on the isocyanide 
adducts appear as a singlet at 2.36 ppm, while a doublet and triplet are visible in the aromatic 
region at 7.10 ppm and 7.01 ppm, corresponding to the meta and para protons on the phenyl 
ring respectively. 
 
Scheme III.4:  Synthesis of W(acac)2(CO)(CN-Ar)2 [Ar = 2,6-dimethylphenyl] (3b) 
 
W
O
CO
O
O
O
C
N
Ph
N C
CH2Cl2
W
O
CO
O
O
O
CNAr
CNAr
3b2b
2
Ar = 2,6-dimethylphenyl
 75 
 While no crystal structure was obtained for 3b, the crystal structure of 3a clearly 
demonstrated that the two isocyanide ligands were oriented cis to one another, with an acute 
C-M-C angle.30 By analogy, 3b is expected to adopt a similar arrangement, with a slightly 
larger C-M-C angle due to the steric bulk of the R group.  Therefore, it seemed plausible that 
both complexes might be suitable for reductive coupling of the two adjacent isocyanide 
ligands.  It was hypothesized that such coupling would result in the formation of an η2 bound 
acetylene adduct (4a or 4b).  Following the procedure reported by Lippard,9,10 both 
complexes were subjected to conditions deemed suitable for reductive coupling of two 
isocyanide ligands.  Complexes 3a and 3b were refluxed in slightly wet THF overnight in the 
presence of zinc dust.  In theory, the zinc could serve as a two-electron reducing agent, while 
the adventitious water in the THF would function as the Lewis acid, protonating the 
isocyanide nitrogen atoms (Scheme III.5).   
 
Scheme III.5:  Proposed reductive coupling of adjacent isocyanide ligands in 3a and 3b 
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Therefore, IR spectroscopy was chosen as the experimental technique for seeking primary 
evidence of any reactivity.  It was expected that upon coupling, a significant shift toward 
higher frequency of the lone CO stretch would be observed.  This hypothesis was based on 
the previously reported CO stretches of 1895 cm-1 for W(CO)(η2-RC≡CR)(acac)2 
complexes.31  New stretches might also appear in the IR between 1500 and 1700 cm-1, 
corresponding to the bound acetylene moiety.   
While new stretches around ~1900 cm-1 were indeed seen in the IR spectra of these 
reaction mixtures, no stretches corresponding to an acetylene adduct were observed.  
Additionally, 1H NMR seemed to indicate mostly decomposition of the acac ligands in 
combination with traces of starting material.  However, no definitive assignments can be 
made, do to ambiguity in the starting material itself.  Analysis of the analogous reaction 
performed with 3b demonstrates more clearly that the reductive coupling was unsuccessful, 
as only starting materials were observable in both the IR and NMR spectra.  Allowing these 
reactions to reflux for longer periods of time (>24h) only resulted in decomposition of the 
acac ligands. 
 Due to the inability to promote reductive coupling with zinc, different reducing 
agents were tested, as were different Lewis acids.   Lippard had demonstrated successful 
reductive couplings, as well as reductive cross couplings, utilizing sodium amalgam as the 
reducing agent.6,1,17 Consequently, a sodium amalgam was utilized to try to induce either 
isocyanide coupling or cross coupling in complex 3b.  In addition to changing reducing 
agents, Me3SiI was utilized as the Lewis acid in hopes that the reaction could be driven by 
the formation of a very stable Si-O or Si-N bond.  When 3b was stirred overnight in THF 
with 5% sodium amalgam and 2 equivalents of TMSI, decomposition of the ligand was again 
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observed, without any definitive formation of a coupled or cross-coupled product.  Likewise, 
similar results were obtained when 3a or the alleged W(acac)2(CO)2(CN-tBu) complex was 
exposed to the same reaction conditions (Scheme III.6).   
 
Scheme III.6:  Proposed coupling/cross-coupling reactions with 5% Na/Hg and Me3SiI 
 
 
 A final attempt at reductive coupling utilizing this system was performed utilizing 
sodium benzophenone as the reducing agent.  A stock solution of known concentration of 
sodium benzophenone in THF was prepared and 2 equivalents were added to a solution of 3b 
in THF.  The solution was allowed to stir for several hours, and its progress was monitored 
intermittently by IR.  However, no definitive evidence of a reduced species was observed.  
Subsequent addition of different Lewis acids, ranging from H2O to TMSI or TMSOTf, 
resulted in the loss of free acac from the coordination sphere, without formation of any 
coupled product.  
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 When all attempts at the reductive coupling reactions had failed, the reactivity of the 
bis-isocyanide complex 3b with acids and TMS reagents was explored, hoping that addition 
of the Lewis acid prior to the reducing agent might facilitate the reductive coupling pathway 
in a different manner.  IR analysis of these reaction mixtures suggested that a reaction was 
taking place, as the initial CO stretches disappeared and new stretches at ~1930cm-1 
appeared.   However, 1H NMR indicated that the major products of these reactions no longer 
contained bound acac ligands.   Accordingly, it was deemed that these conditions were 
unsuitable for reductive coupling. 
 
Summary and Conclusions 
 The complexes W(acac)2(CO)(CNR)2 (3a, 3b) [R = tBu (3a); 2,6-dimethylphenyl 
(3b)] were synthesized successfully from W(CO)(acac)2(η2-N≡CPh) (2b) via displacement 
of the η2-nitrile adduct with 2 equivalents of isocyanide.  A previously reported crystal 
structure indicated that the two isocyanide ligands in 3a are arranged cis to one another with 
a C-M-C angle just over 70°.30 While no crystal structure was obtainable for 3b, by analogy 
it is expected to adopt a similar geometry with a slightly increased C-M-C angle due to the 
steric bulk of the 2,6-dimethylphenyl substituent.  Due to the close proximity of the 
isocyanide ligands, it was hypothesized that these systems would partake in a reductive 
coupling reaction, leading to the formation of a tungsten-bound acetylene adduct, with a net 
gain of two electrons and two protons. 
 Attempts to induce C-C coupling or cross-coupling in 3a/3b utilizing various 
reducing agents, ranging from Zn(s) to sodium benzophenone, were unsuccessful.  Different 
Lewis acids, including Me3Si+ reagents, were also employed in an effort to drive the 
 79 
reactions by taking advantage of the stability of Si-O or Si-N bonds in the proposed products.  
None of these conditions were found to initiate formation of an acetylene adduct.  Rather, 
each resulted only in removal of the acac ligand or a mixture of starting materials.  
Additional efforts to study the reactivity of the bis-isonitrile complexes with acids or TMS 
reagents also resulted in loss of the acac ligands. 
 Consequently, it would appear that the seven-coordinate d4 system with multiple 
isocyanide or carbonyl ligands in close proximity is not sufficient, in itself, to promote 
reductive coupling reactions.  Other factors seem to be at play.  The anionic nature of the 
chelating acac ligands may be particularly important, as they seem to prevent reduction of the 
metal center, without prior decomposition.  It may also be the case that the 2,6-
dimethylphenyl substituents in 3b render the metal center too electron deficient to promote 
the C-C coupling.  Yet another possibility is that the reducing agents employed were simply 
not powerful enough to induce the desired transformations.  Whatever the exact cause, we 
concluded that these systems were poor candidates for further investigations seeking 
reductive coupling.  
 
Experimental Section 
General Information. Reactions were performed under an atmosphere of dry 
nitrogen or argon using standard drybox and Schlenk techniques. Argon and nitrogen were 
purified by passage through columns of BASF R3-11 catalyst and 4 Å molecular sieves. All 
glassware was oven dried or flame dried under vacuum and cooled under a nitrogen 
atmosphere before use. Methylene chloride, pentane, hexanes, and diethyl ether were purified 
under an argon atmosphere by passage through a column of activated alumina.33 
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Tetrahydrofuran was freshly distilled from sodium/benzophenone ketyl prior to use. 
Methylene chloride-d2 was vacuum transferred from CaH2 and degassed by several freeze-
pump-thaw cycles.  Silica column chromatography was conducted with 230-400 mesh silica 
gel.  Alumina column chromatography was conducted with 80-200 mesh alumina. 
The complexes W(CO)3(acac)2 (1),31 W(CO)(acac)2(η2-N≡CPh) (2b)31 and 
W(acac)2(CO)(CN-tBu)2 (3a)30 were synthesized according to published procedures.  All 
other reagents were used as received from Sigma Aldrich or Fisher Scientific.  
1H NMR and 13C NMR spectra were obtained on Bruker AMX 300 MHz, Bruker 
Avance 400 MHz, or Bruker DRX 500 MHz spectrometers. 1H NMR and 13C NMR chemical 
shifts were referenced to residual signals of the deuterated solvents. Infrared spectra were 
recorded on an ASI ReactIR 1000 instrument.  
 W(acac)2(CO)(CN-Ar)2 [Ar = 2,6-dimethylphenyl] (3b).  A Schlenk flask was 
charged with 200 mg (0.380 mmol) of 2b, 104 mg (0.780, 2 equiv.) of 2,6-dimethylphenyl 
isocyanide and purged with nitrogen.  Dry methylene chloride (15mL) was added via syringe 
and the solution was allowed to stir for 1h at room temperature, resulting in a color change 
from amber to dark red.  In situ IR spectroscopy revealed a new CO stretch at 1838 cm-1.  
The solvent was removed under vacuum .  Hexanes were added (~40mL) and the solvent was 
reduced to remove any additional methylene chloride.  The dark red hexane solution was 
placed in the freezer at -30°C overnight to induce crystallization of 208 mg (0.309 mmol, 
79.3%) of a dark red solid.  IR (hexanes): νCO = 1877 cm-1.   1H NMR (δ, CD2Cl2, 400 MHz, 
298 K):  7.10 (d, 2H, m-Ar, 3JH-H = 7.6 Hz); 7.01 (t, 1H, p-Ar, 3JH-H = 14.8 Hz); 5.60 (s, 2H, 
acac CH); 2.36 (s, 12H, Ar-CH3); 2.08 (s, 12H, acac CH3). 
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APPENDIX A 
 
Atomic Coordinates and Equivalent Isotropic displacement parameters (Å2) for 
Tp′Pt((C=O)NHCH2Ph)(CH3)2 (Chapter I, 3d). 
________________________________________________________________________________ 
 x/a y/b z/c U(eq) 
Pt1 0.39595(3) 0.24707(3) 0.204169(16) 0.02544(12) 
C1 0.5306(10) 0.3853(8) 0.1221(4) 0.0332(15) 
C2 0.1843(10) 0.4171(7) 0.2135(4) 0.0328(15) 
C3 0.4788(9) 0.3194(8) 0.2849(4) 0.0326(15) 
O4 0.4898(8) 0.4452(6) 0.2826(3) 0.0439(13) 
N5 0.5303(9) 0.2136(7) 0.3425(4) 0.0402(15) 
C6 0.6113(11) 0.2438(11) 0.4000(5) 0.047(2) 
C7 0.4888(10) 0.2731(11) 0.4739(5) 0.048(2) 
C8 0.5000(18) 0.1799(16) 0.5421(7) 0.081(4) 
C9 0.389(2) 0.2111(17) 0.6078(7) 0.096(5) 
C10 0.2669(14) 0.3378(14) 0.6067(6) 0.066(3) 
C11 0.2434(13) 0.4298(12) 0.5394(5) 0.056(2) 
C12 0.3623(14) 0.3961(12) 0.4735(6) 0.060(3) 
B13 0.3957(10) 0.9171(8) 0.1932(5) 0.0284(16) 
N14 0.6134(7) 0.0693(6) 0.1955(3) 0.0269(12) 
N15 0.5811(7) 0.9351(6) 0.1918(3) 0.0265(12) 
C16 0.7289(9) 0.8371(7) 0.1878(4) 0.0282(14) 
C17 0.8586(9) 0.9074(8) 0.1887(4) 0.0321(15) 
C18 0.7830(9) 0.0520(8) 0.1932(4) 0.0301(15) 
C19 0.7372(10) 0.6791(8) 0.1838(5) 0.0366(16) 
C20 0.8676(9) 0.1755(10) 0.1979(5) 0.0421(19) 
N21 0.3096(7) 0.1670(6) 0.1169(3) 0.0296(12) 
N22 0.3293(7) 0.0188(6) 0.1240(3) 0.0287(12) 
C23 0.2788(9) 0.9858(9) 0.0636(4) 0.0353(16) 
C24 0.2253(9) 0.1128(9) 0.0192(4) 0.0376(17) 
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 x/a y/b z/c U(eq) 
C25 0.2442(9) 0.2252(9) 0.0540(4) 0.0351(16) 
C26 0.2908(11) 0.8320(10) 0.0515(5) 0.0436(19) 
C27 0.2024(12) 0.3862(10) 0.0267(5) 0.049(2) 
N28 0.2552(7) 0.0964(6) 0.2856(3) 0.0290(12) 
N29 0.2771(7) 0.9601(6) 0.2684(3) 0.0276(12) 
C30 0.1800(9) 0.8790(8) 0.3235(5) 0.0342(16) 
C31 0.0929(10) 0.9671(8) 0.3773(4) 0.0361(16) 
C32 0.1432(9) 0.1024(8) 0.3517(4) 0.0330(15) 
C33 0.1808(11) 0.7235(8) 0.3236(5) 0.0442(19) 
C34 0.0810(10) 0.2372(8) 0.3915(5) 0.0377(17) 
H1A 0.5687 0.4515 0.1471 0.05 
H1B 0.4556 0.4423 0.0867 0.05 
H1C 0.6311 0.3276 0.0935 0.05 
H2A 0.1649 0.4478 0.2637 0.049 
H2B 0.0821 0.3840 0.2079 0.049 
H2C 0.2063 0.4995 0.1731 0.049 
H5 0.5139 0.1244 0.3447 0.048 
H6A 0.6664 0.3297 0.3784 0.057 
H6B 0.7034 0.1596 0.4118 0.057 
H8 0.5855 0.0935 0.5434 0.097 
H9 0.3959 0.1454 0.6544 0.115 
H10 0.1972 0.3622 0.6536 0.079 
H11 0.1516 0.5117 0.5376 0.067 
H12 0.3552 0.4609 0.4266 0.072 
H13 0.3952 -0.1864 0.1901 0.034 
H17 0.9772 -0.1346 0.1866 0.039 
H19A 0.6647 -0.3642 0.2295 0.055 
H19B 0.8565 -0.3734 0.1812 0.055 
H19C 0.6957 -0.3280 0.1379 0.055 
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 x/a y/b z/c U(eq) 
H20A 0.7788 0.2574 0.2143 0.063 
H20B 0.9335 0.2072 0.1474 0.063 
H20C 0.9452 0.1421 0.2350 0.063 
H24 0.1829 0.1235 -0.0269 0.045 
H26A 0.4117 -0.2176 0.0445 0.065 
H26B 0.2441 -0.1667 0.0057 0.065 
H26C 0.2245 -0.2201 0.0962 0.065 
H27A 0.1491 0.4369 0.0707 0.073 
H27B 0.1223 0.4055 -0.0091 0.073 
H27C 0.3085 0.4214 0.0008 0.073 
H31 0.0144 -0.0591 0.4228 0.043 
H33A 0.1217 -0.2848 0.2833 0.066 
H33B 0.1212 -0.3183 0.3735 0.066 
H33C 0.3000 -0.3295 0.3140 0.066 
H34A 0.1807 0.2733 0.3976 0.057 
H34B 0.0116 0.2114 0.4420 0.057 
H34C 0.0110 0.3134 0.3604 0.057 
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Complete List of Bond Distances [Å] for Tp′Pt((C=O)NHCH2Ph)(CH3)2 (Chapter I, 3d). 
 
Pt1-C3 2.024(8) Pt1-C1 2.071(7) 
Pt1-C2 2.081(7) Pt1-N14 2.155(5) 
Pt1-N28 2.165(6) Pt1-N21 2.183(6) 
C3-O4 1.213(9) C3-N5 1.365(10) 
N5-C6 1.449(11) N5-H5 0.88 
C6-C7 1.515(11) C7-C12 1.373(14) 
C7-C8 1.378(15) C8-C9 1.365(18) 
B13-N15 1.543(10) C9-C10 1.378(17) 
B13-N29 1.554(9) C10-C11 1.378(15) 
N14-C18 1.339(9) C11-C12 1.401(14) 
N15-C16 1.342(9) B13-N22 1.543(10) 
C16-C19 1.506(9) B13-H13 1.0 
N21-C25 1.330(9) N14-N15 1.376(8) 
N22-C23 1.359(10) C16-C17 1.370(10) 
C23-C26 1.502(11) C17-C18 1.386(10) 
N28-C32 1.336(9) C18-C20 1.511(11) 
N29-C30 1.353(9) N21-N22 1.367(8) 
C30-C33 1.479(10) C23-C24 1.354(12) 
C32-C34 1.529(10) C24-C25 1.396(11) 
C30-C31 1.382(11) C25-C27 1.500(11) 
C31-C32 1.399(10) C23-C24 1.354(12) 
C31-C32 1.399(10) C24-C25 1.396(11) 
C31-C32 1.399(10) C25-C27 1.500(11) 
C31-C32 1.399(10) N28-N29 1.358(8) 
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Complete List of Bond Angles [°] for Tp′Pt((C=O)NHCH2Ph)(CH3)2 (Chapter I, 3d). 
 
C3-Pt1-C1 88.1(3) C3-Pt1-C2 87.9(3) 
C1-Pt1-C2 89.1(3) C3-Pt1-N14 92.2(3) 
C1-Pt1-N14 91.6(3) C2-Pt1-N14 179.3(3) 
C3-Pt1-N28 94.6(3) C1-Pt1-N28 177.1(3) 
C2-Pt1-N28 92.0(3) N14-Pt1-N28 87.4(2) 
C3-Pt1-N21 179.3(3) C1-Pt1-N21 91.8(3) 
C2-Pt1-N21 92.8(3) N14-Pt1-N21 87.1(2) 
N28-Pt1-N21 85.5(2) O4-C3-N5 120.9(7) 
O4-C3-Pt1 124.2(6) N5-C3-Pt1 114.8(5) 
C3-N5-C6 121.9(7) N5-C6-C7 114.2(7) 
C12-C7-C6 119.4(9) C12-C7-C8 118.6(9) 
C9-C8-C7 120.4(12) C8-C7-C6 122.1(9) 
C11-C10-C9 121.6(9) C8-C9-C10 120.2(11) 
C7-C12-C11 122.7(10) C10-C11-C12 116.3(10) 
N15-B13-N29 109.8(6) N15-B13-N22 108.7(6) 
C18-N14-Pt1 136.0(5) N22-B13-N29 109.2(5) 
C16-N15-N14 109.4(5) C18-N14-N15 106.8(5) 
N14-N15-B13 120.1(5) N15-N14-Pt1 117.1(4) 
N15-C16-C19 122.6(6) C16-N15-B13 130.5(6) 
C16-C17-C18 106.6(6) N15-C16-C17 108.0(6) 
N14-C18-C20 122.5(6) C17-C16-C19 129.5(7) 
C25-N21-N22 107.6(6) N14-C18-C17 109.2(6) 
N22-N21-Pt1 115.8(4) C17-C18-C20 128.3(7) 
C23-N22-B13 129.9(6) C25-N21-Pt1 136.5(5) 
C24-C23-N22 107.8(7) C23-N22-N21 108.9(6) 
N22-C23-C26 123.1(7) N21-N22-B13 121.2(5) 
N21-C25-C24 108.7(7) C23-C24-C25 107.0(7) 
C24-C25-C27 127.4(7) N21-C25-C27 123.9(7) 
C32-N28-Pt1 135.9(5) C32-N28-N29 107.4(5) 
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C30-N29-N28 110.2(6) N29-N28-Pt1 116.7(4) 
N28-N29-B13 121.0(5) C30-N29-B13 128.8(6) 
N29-C30-C33 123.7(7) N29-C30-C31 107.0(6) 
C30-C31-C32 106.3(6) C31-C30-C33 129.3(7) 
N28-C32-C34 124.7(6) N28-C32-C31 109.0(6) 
C24-C23-C26 129.1(7) C31-C32-C34 126.3(7) 
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APPENDIX B 
 
Atomic Coordinates ( x 10
4
) and Equivalent Isotropic displacement parameters (Å2 x 10
3
) for 
(N-tolyl-ATI)PtCl(η2-C2H4) (Chapter II, 2). 
________________________________________________________________________________ 
x y z U(eq) 
________________________________________________________________________________ 
Pt(1) 736(1) 6452(1) 10347(1) 14(1) 
Cl(1) -1128(2) 8024(2) 10921(1) 20(1) 
C(1) 1149(8) 5881(8) 11560(5) 27(2) 
C(2) 466(8) 5292(8) 11259(5) 26(2) 
N(3) 2352(6) 5229(6) 9775(4) 14(2) 
C(4) 3239(7) 4130(7) 10147(5) 16(2) 
C(5) 4189(8) 4183(8) 10568(5) 21(2) 
C(6) 5088(7) 3114(8) 10883(5) 22(2) 
C(7) 5063(7) 1981(7) 10754(5) 20(2) 
C(8) 4067(7) 1983(7) 10335(5) 18(2) 
C(9) 3169(7) 3025(7) 10026(5) 17(2) 
C(10) 6046(8) 847(8) 11074(6) 31(2) 
C(11) 2670(8) 5461(7) 9011(5) 16(2) 
C(12) 3793(7) 4646(8) 8566(5) 18(2) 
C(13) 4381(7) 4728(8) 7802(5) 21(2) 
C(14) 4006(7) 5662(8) 7258(5) 21(2) 
C(15) 2905(7) 6709(8) 7327(5) 21(2) 
C(16) 1911(8) 7115(8) 7956(5) 20(2) 
C(17) 1749(7) 6625(7) 8725(5) 18(2) 
N(18) 715(6) 7193(6) 9258(4) 18(2) 
C(19) -263(7) 8333(7) 9031(5) 15(2) 
C(20) -132(8) 9416(7) 9141(5) 20(2) 
C(21) -1110(8) 10519(7) 8955(5) 23(2) 
C(22) -2215(8) 10570(8) 8661(5) 22(2) 
C(23) -2320(8) 9479(8) 8520(5) 23(2) 
C(24) -1356(7) 8383(8) 8708(5) 21(2) 
C(25) -3281(8) 11787(8) 8462(6) 33(2) 
H(1A) 2062 5372 11642 32 
H(1B) 693 6496 12001 32 
H(2A) -426 5529 11510 31 
H(2B) 943 4405 11151 31 
H(5) 4238 4939 10647 26 
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H(6) 5729 3159 11189 26 
H(8) 4003 1234 10257 21 
H(9) 2509 2988 9734 20 
H(10A) 5620 361 11336 46 
H(10B) 6504 1062 11473 46 
H(10C) 6661 374 10623 46 
H(12) 4234 3903 8832 22 
H(13) 5151 4039 7632 25 
H(14) 4577 5567 6782 25 
H(15) 2798 7242 6881 25 
H(16) 1212 7859 7849 24 
H(20) 624 9400 9343 23 
H(21) -1012 11252 9032 28 
H(23) -3058 9493 8295 28 
H(24) -1442 7648 8613 25 
H(25A) -3445 12376 8905 49 
H(25B) -4069 11678 8399 49 
H(25C) -3015 12087 7953 49 
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Complete List of Bond Distances [Å] for (N-tolyl-ATI)PtCl(η2-C2H4) 
(Chapter II, 2). 
 
__________________________________________________________________________________________
Pt(1)-N(3)  1.989(6) 
Pt(1)-N(18)  1.990(6) 
Pt(1)-C(2)  2.124(8) 
Pt(1)-C(1)  2.133(8) 
Pt(1)-Cl(1)  2.321(2) 
C(1)-C(2)  1.384(12) 
N(3)-C(11)  1.335(9) 
N(3)-C(4)  1.461(9) 
C(4)-C(5)  1.370(11) 
C(4)-C(9)  1.389(11) 
C(5)-C(6)  1.402(11) 
C(6)-C(7)  1.401(12) 
C(7)-C(8)  1.388(11) 
C(7)-C(10)  1.492(11) 
C(8)-C(9)  1.377(11) 
C(11)-C(12)  1.402(11) 
C(11)-C(17)  1.465(10) 
C(12)-C(13)  1.394(11) 
C(13)-C(14)  1.375(11) 
C(14)-C(15)  1.363(11) 
C(15)-C(16)  1.396(11) 
C(16)-C(17)  1.418(10) 
C(17)-N(18)  1.342(10) 
N(18)-C(19)  1.437(10) 
C(19)-C(24)  1.385(11) 
C(19)-C(20)  1.395(11) 
C(20)-C(21)  1.389(11) 
C(21)-C(22)  1.376(11) 
C(22)-C(23)  1.398(12) 
C(22)-C(25)  1.524(11) 
C(23)-C(24)  1.379(11) 
___________________________________________________________________________
_
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Complete List of Bond Angles [°] for (N-tolyl-ATI)PtCl(η2-C2H4) 
(Chapter II, 2).
 
_________________________________________ 
N(3)-Pt(1)-N(18) 78.9(3) 
N(3)-Pt(1)-C(2) 97.4(3) 
N(18)-Pt(1)-C(2) 158.3(3) 
N(3)-Pt(1)-C(1) 97.5(3) 
N(18)-Pt(1)-C(1) 163.2(3) 
C(2)-Pt(1)-C(1) 37.9(3) 
  N(3)-Pt(1)-Cl(1) 174.10(19) 
N(18)-Pt(1)-Cl(1) 95.7(2) 
C(2)-Pt(1)-Cl(1) 88.5(2) 
C(1)-Pt(1)-Cl(1) 86.9(2) 
C(2)-C(1)-Pt(1) 70.7(5) 
C(1)-C(2)-Pt(1) 71.4(5) 
C(11)-N(3)-C(4) 118.1(6) 
C(11)-N(3)-Pt(1) 117.5(5) 
C(4)-N(3)-Pt(1) 124.4(5) 
C(5)-C(4)-C(9) 120.4(7) 
C(5)-C(4)-N(3) 119.5(7) 
C(9)-C(4)-N(3) 120.0(7) 
C(4)-C(5)-C(6) 119.5(8) 
C(5)-C(6)-C(7) 121.5(8) 
C(8)-C(7)-C(6) 116.6(7) 
C(8)-C(7)-C(10) 122.6(8) 
C(6)-C(7)-C(10) 120.9(8) 
C(9)-C(8)-C(7) 122.8(8) 
C(8)-C(9)-C(4) 119.3(8) 
_________________________________________ 
 
 
 
 
 
 
 
_________________________________________ 
N(3)-C(11)-C(12) 121.0(7) 
N(3)-C(11)-C(17) 113.0(7) 
C(12)-C(11)-C(17) 126.0(7) 
C(13)-C(12)-C(11) 131.7(8) 
C(14)-C(13)-C(12) 129.4(8) 
C(15)-C(14)-C(13) 127.1(8) 
C(14)-C(15)-C(16) 129.6(8) 
C(15)-C(16)-C(17) 132.0(8) 
N(18)-C(17)-C(16) 122.3(7) 
N(18)-C(17)-C(11) 113.7(7) 
C(16)-C(17)-C(11) 123.9(7) 
C(17)-N(18)-C(19) 118.4(6) 
C(17)-N(18)-Pt(1) 116.6(5) 
C(19)-N(18)-Pt(1) 124.8(5) 
C(24)-C(19)-C(20) 118.6(7) 
C(24)-C(19)-N(18) 121.1(7) 
C(20)-C(19)-N(18) 120.3(7) 
C(21)-C(20)-C(19) 119.9(8) 
C(22)-C(21)-C(20) 121.3(8) 
C(21)-C(22)-C(23) 118.6(8) 
C(21)-C(22)-C(25) 120.8(8) 
C(23)-C(22)-C(25) 120.6(8) 
C(24)-C(23)-C(22) 120.3(8) 
C(23)-C(24)-C(19) 121.2(8)  
 
_________________________________________ 
